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Instruments for Research 
and Industrial 


Control 


N-220PT SCALER 


The N-220 Series Decade Scalers are low- 
cost, fast, and versatile counting devices, 
employing three in-line decades and a four- 
digit electromechanical register. 

Time resolution: 1 microsecond 

Preset count at 10, 100, 1000 

Input signal polarity: either positive or negative 

High or low-level discrimination 


AVAILABLE ACCESSORIES 


Dual-function precision timer 
300 — 2500 V DC High Voltage Power Suppiy 
Non-overload preamplifier with 1 mv sensitivity 





The N-101 
Precision Pulser 
Ideally suited for line- 
arity calibration and 
stability measurements 
with scintillation spec- 

trometry circuits. 


The N-300 
Amplifier Series 
Combines excellent non- 
overload characteristics 
with high gain, short 
risetime, and good sta- 
bility. Integral or dif- 
ferential discrimination 


The N-701 
Log Count Rate Meter 
A 5-decade unit with 
scale expander switch. 
Patterned after Cooke- 
Yarborough circuit. 
Range: 1 to 100K cps. 
Output available for 10 


The N-401 

High Voltage Supply 
Provides 5 ma. from 
500 to 1800V DC. Dual 
polarity. Line regulation 
of 3 ppm per volt and 
load reguiation of 2.5 
ppm per ma. 


The N-413 
High Voltage Supply 
A 10 ma supply with 
voltage ranging from 
500 to 5000V DC. Dual 
polarity. Line and load 
regulation 0.005%. 


mv. recorder. Maximum 
limit relay for monitor 
alarm. 


is available. 


FIELD REPRESENTATIVES 


Ben Z. Rubin 
Detroit, Michigan 


Raytronics Company 
line of Marblehead, Massachusetts 
nuclear instruments 
available 


Write for prices and 
detailed specifications 


Paramount Agencies 
Spokane, Washington 
H. E. Ransford Co. 
Pittsburgh, Pennsylvania 


L & M Associates 


Fairlawn, New Jersey 


Electrodesign 
Montreal, Canada 


W. A. Brown & Associates, Inc. 
Alexandria, Virginia 

Indian River City, Florida 
Huntsville, Alabama 


Earl Lipscomb Associates 
Dallas, Texas 


Crossley Associates 
Chicago, Illinois 
Export Dept. H.E.C.1. 

202 East 44th St. New York, N.Y. 


Hamner Eleetronies Co.. Ine. P. O. Box 531, Princeton, N. J., Pennington 7-1320 


ae West Coast?) Representative: McCarthy Associates, Pasadena, Calif. 
ue 
oe See us at the ATOMFAIR in Chicago—March 17-21, 1958 
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Tritium Tracing—A Rediscovery 


Fast-Breeder Power Reactors: Where Does U. S. Program Stand? 
L. J. KOCH 


Simulating Nuclear Blast Effects 
JAMES R. BOHANNON, Jr. ond WILFRED E. BAKER 
Critical-Assembly Booby Traps HUGH C. PAXTON 


Xenon Spatial Oscillations D. RANDALL ond D. S. ST. JOHN 


Thermal-Neutron Data for the Elements M. V. DAVIS ond D. T. HAUSER 


Cross Sections 





Neutron Detectors for Operation at 400°C 
S. G. KAUFMANN and L. E. PAHIS 


Organic-Glass Scintillators JOHN W. DOWNS and F. L. SMITH 


Gamma-Dose Enhancement from Neutron Capture in Cd 
D. E. KLINE and F. J. REMICK 
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Boiling-Water Reactor Instability JOSEPH A. THIE 
Hazards Evaluation of the Yankee Reactor 


A Simplified P; Approximation Method for Calculating Thermal 
Utilization EARL M. PAGE and RAYMOND L. MURRAY 

Predicting Reactivity at High Burnup BERTRAM WOLFE 

Easy Computation of Adjoint Fluxes BERTRAM WOLFE 


Applied Radiation 





Radiation Effects in Quartz—A Bibliography R. BECHMANN 
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ROUNDUP PRODUCTS AND MATERIALS 
EDITORIAL NEWSMAKERS 

BOOKS NUCLEAR CAMPUS 

LETTERS NUCLEAR CALENDAR 


More about NUCLEONICS on next page > 





We'd like you to meet 

We'd like to introduce to you, all 
20,000 of you, Assistant Editor Bob 
Adamson, the latest addition to our 
editorial staff. Bob will be working 
with John Kenton, our News Editor, 
in covering news developments in the 
nuclear field. With two news editors 
and six technical editors we'll be in a 
stronger position than ever to cover all 
facets of the nuclear field. 

Now, the editorial staff of NUCLE- 
ONIcs is too young for us to ask the 
editors to write their own obituaries 
but we did call on Bob to provide his 
own introduction; it follows as he wrote 
it: 


BOB ADAMSON, newest member of the 
Nucleonics editorial staff, who joins our 


“The newest member of our editorial 
staff is a replanted Yankee-replanted 
too late, he says, to affect seriously his 
ten years of exposure to the ‘rural’ 
life of Washington, D. C., and points 
south. 

~ Bob Adamson, assistant news editor 
to John E. Kenton, is a 30-year-old 
New Jerseyite who ‘went south for an 
education’ in 1948. A newspaperman 
with a three-year history in nucleonics, 
he entered the field six months after 
the 1954 atomic energy act gave rise 
to a private nuclear industry. He 
found an immediate excitement and 
attraction in the atom which inevita- 
bly led him to his new post, after 
covering atomic energy first for a 
weekly newsletter and then for a daily 
newspaper. 

He has a typical newsman’s edu- 
cation—heavy on journalism and social 
sciences—with the atypical extra of 
considerable time in 
radio writing. After 
Rutgers (including an enjoyable but 
inglorious stint as captain of the jayvee 


television and 


two years at 


football team), he completed his educa- 
tion at American University in the 
District of Columbia. His diploma, 
dated June 1950, carries the ‘suspect’ 
degree of bachelor of science (all social). 

As a family man of just over a year 
with a ‘‘Texas redhead” and 4-month 
old daughter to match, he suspects he 
will have much to contribute to the 
school of large families—if he survives. 
His other interests are boating, the 
theater, a category termed ‘Lincoln 
and literature’ and most outdoor ac- 
tivities he has had time to try. 

His philosophy in life was voiced 
by James Branch Cabell’s hero in 


Tritium Rediscovered 

Associate Editor, Hoby Ellis (newly 
promoted along with John Kenton and 
Hal Davis, c.f. masthead) is the con- 
veyor of the happy phrase “Tritium 
Rediscovered”’ that we use on the cover 
to proclaim our story on important 
new developments in the field of tritium 
labeling and counting (p. 62). Hoby 
developed that story by attending a 
the applications of 
tritium sponsored by New England 
Nuclear Co., Atomic Associates, and 
Packard Instrument Co. 

We think this idea of private indus- 
try sponsoring nuclear meetings is a 
good one and are glad to note the cur- 
rent trend in this direction marked by 
such examples as Tracerlab’s Houston 


symposium on 


meeting on tracer applications in oil in- 
dustry and Columbia-National Corp.’s 
meeting on the economics of zirconium 
vs stainless steel (NU, Feb. ’58, p. 24). 

While we’re extending credits we’d 
like to thank the General Electric Co. 
for permission to reproduce their well- 
known Chart of the Nuclides as part 
of our cover this month. 


Where’s PWR? 

Those of you who read this page care- 
fully note that the lower right-hand 
corner is given over to coming features. 
Last month we promised that this 
month we would have Reactor Foldout 
number 5 on the Shippingport PWR. 
It has turned out that we have been 
able to arrange for a cracker-jack full- 
scale report on PWR to be included in 
our April issue. Thus, we have held 
up on the foldout in order to give you 
the more complete story that is now 
available. 


news department Jurgen: ‘T’ll taste any brew once.’”’ —The Editors 
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Coming Features in 
NUCLEONICS 


Next Month 


A NUCLEONICS Report— 
Shippingport PWR 


Data Sheet No. 23— 
Fission-Product Yields 


Chemical Control of Reactors 





SUBSCRIPTIONS: Send subscription correspondence and change of address to Subscription 
Monager, NUCLEONICS, 330 W. 42nd Street, New York 36, N. Y. Subscribers should 
notify publisher promptly of any change of address, giving old as well as new address, 
and including postal zone number, if any. If possible, enclose an address label from a 
recent issue of the magazine. Please allow one month for change to become effective. 


Later Months 


Scintillation Counter Symposium 








Special Report on Reactor Control 





Postmaster: Please send form 3579 to NUCLEONICS, 330 W. 42nd St., N. Y. 36, N. Y. 





FORECASTING CORE PERFORMANCE 


A nuclear power plant requires exact knowledge and 
control of the quantity and arrangement of the 
nuclear fuel. To determine precisely the operating 
nuclear characteristics and performance of B&W’s 
full scale reactor cores, the company maintains a 
critical experiment laboratory at its specialized 
nuclear research facilities in Lynchburg, Va. 


Critical experiments are conducted at virtually 
zero power, permitting economical, safe analysis of 
the proposed fuel cores and the gathering of nuclear 
data for their final design. Flux distributions in the 
reactor core are measured with foils of different 
elements which become radioactive under neutron 
bombardment. 


In this way, the calculations of physicists and engi- 
neers can be confirmed or modified; optimum quan- 
tity and arrangement of fuel elements and control 
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rods can be determined; the core’s ultimate power 
distribution, safety and stability can be established; 
and a more accurate forecast of the conversion ratio 
and reactivity lifetime of the core is made possible. 


This privately-financed critical test laboratory is 
just one example of B&W’s investment in facilities, 
engineering, and research to put nuclear energy to 
work constructively and economically. The Babcock 
& Wilcox Company, Atomic Energy Division, 161 
East 42nd Street, New York 17, N. Y. 
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Model 420 * 


NEWEST, MOST COMPLETE LINE OF PROVED... 


Period Amplifiers 


AND 


Micro-Microammeters 


Stability and fast response are provided at modest cost in these 
Keithley instruments. Several hundred units are now in use in 
a wide variety of nuclear and research applications. Each model 
combines advanced circuitry with simplicity and reliability. 


Complete data will be sent promptly on request. 





* Model 420 
LOG N AND PERIOD AMPLIFIER 


THE 420 is a dual monitor of power level and reactor 
period. It measures current from 10° to 10° ampere and 
positive or negative reactor period from 30 to three seconds. 
Zero drift is less than 0.05 decade in eight hours; response 
speed is adjustable over a wide range. 

Other features include five-second recovery from overloads, 
self-calibration, and separate outputs from remote meters and 
recorders. (Contact-meter models also available.) 


$950.00 


linear micro-microammeters 


Model 410 has 20 ranges from 10°!’ to 
10° ampere. Features include zero 
drift of less than 2% of full scale per 
24 hours. Accuracy: 2% of full scale 
on 10° to 10-8 ranges, 4% on other 
ranges. Fast response; no switching 
transients. (Model 411 with fewer 
ranges and less drift also available.) 

$490.00 


Tt. ed 


fm ae IC many, 


contact-meter modeis 


The 410-C furnishes economical con- 
trol or alarm circuitry. A meter-relay 
with adjustable contact replaces the 
panel meter. 5-ampere contacts are 
brought out through an AN con- 
nector. (Model 411-C also available.) 

$625.00 


logarithmic models 


The 412 Log n Amplifer has a large 
single scale, measuring 10° to 107 
amp. with no range switching. Other 
features include zero drift within 0.05 
decade in 24 hours, fast response and 
low output noise. (Model 413 with 10-!! 
to 10° ampere range also available.) 

$465.00 








KEITHLEY INSTRUMENTS, INC. 
12415 Euclid Avenue «+ Cleveland 6, Ohio 
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New Team... 


TITANIUM AND ZIRCONIUM 


for your corrosion problem areas 


Chart shows corrosion) 
resistances of zirconium 
and titanium to typical 
chemicals. 


q Steam jet made of zirconium, which 
has given trouble-free performance after 
a year in hydrochloric acid service. For 
comparison, a throat piece from a steam 
jet (below) is shown after only a week 
of similar service. 


By specifying titanium or zirconium for processing equipment, you can now 
overcome most of the corrosive media which attack other metals. 

Even with such hard-to-handle chemicals as chlorides and oxidizing acids, 
equipment can have extremely long service life when made from these 
corrosion-resistant materials. Problems of product contamination in chemical 
and food processing can also be virtually eliminated. 

Mallory-Sharon is in position to offer you both titanium and zirconium mill 
products for equipment fabrication—plus engineering assistance and 
unbiased recommendations on the most suitable material. 

Titanium is now available from stock in a complete range of mill products, 
may be readily fabricated, and more than pays its extra cost where ordinary 
metals fail. Zirconium facilities are being rapidly increased, and mill 

shapes are now in production. 

For information on the corrosion-resistant properties of titanium or 
zirconium write Mallory-Sharon Metals Corporation, Niles, Ohio. 


NVALLORY-SHARON 





METALS CORPORATION NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium © Special Metals 
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COLLEGES AND UNIVERSITIES 
COMPLETE NUCLEAR 


A typical student nuclear engineering laboratory. 4 f 
At the left background is a well scintillation 
counter, scaler, and timer. On the same bench 

at the right is an automatic strip foil analyzer. 

An alpha survey meter and beta-gamma survey 
meter rest on top of the bench. 


To the right, in front of an automatic gamma-ray 
recording spectrometer, a student surveys the 
area with a portable slow/fast neutron monitor. 
At the reactor, students make measurements 
within the uranium lattice with BF; counters. 





At the right a student uses a scintillation de- 
tector in a manual sample changer. Beside him 
are two student counting systems. On the table 
in the foreground is an ion chamber type survey 
meter. These instruments, manufactured by 
Nuclear-Chicago, are all typical nuclear training 
tools which will contribute importantly to any 
nuclear engineering curriculum. 





Instructor demonstrating insertion of aluminum 3 
tube into grid assembly in the Model 9000 Stu- 
dent Subcritical Reactor. 275 of these tubes, con- 
taining uranium fuel in the form of 1” x 8” slugs, 

are arranged in a hexagonal pattern in the reactor. 
Since the moderator is water, students actually 
can see the exact position of a detector or foil 
placed at any point within the uranium lattice. 
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...NOW YOU CAN HAVE YOUR OWN 
TRAINING LABORATORY 


Nuclear-Chicago announces a completely new package program to provide exclusive subcritical 


reactor, all nuclear instrumentation, and detailed experiments for your nuclear technology program 


Now you can answer this country’s critical need 
for trained nuclear scientists and engineers by 
instituting a complete Nuclear-Chicago equip- 
ped laboratory and training program. 


Key unit in this comprehensive “‘package”’ lab- 
oratory is the new Model 9000 Student Sub- 
critical Reactor. Water-moderated, and using 
a neutron source and natural uranium as the 
fuel, the Student Reactor is absolutely safe to 
operate, simple in construction, inexpensive to 
maintain, and ideally suited for teaching pur- 
‘poses. The entire assembly is installed with a 
walkway to provide easy student access to the 
reactor’s interior. 


Complementing the Student Reactor is a care- 
fully selected, integrated group of radiation 
detection and recording instruments. Designed 
for both group and individual experiments, the 
instrumentation includes gamma-ray scintilla- 
tion spectrometer assemblies, fast and slow 
neutron counting systems, foil counters and an- 
alyzers, student alpha, beta, gamma counting 
systems, and portable monitoring instruments. 


Nuclear-Chicago supplies a manual providing 
detailed instructions on more than 30 nuclear 
experiments directly related to the Student 
Reactor and associated nuclear instrumenta- 


tion. Experiments are designed to familiarize 
students with basic nuclear detecting and meas- 
uring devices and analytical methods, and to 
provide actual reactor work in determination 
of neutron flux, neutron activation, and other 
reactor properties. A typical course outline will 
be supplied by Nuclear-Chicago and special 
programs can be prepared to meet the par- 
ticular needs of any educational institution. 


Nuclear-Chicago is the only manufacturer able 
to provide a Student Reactor, complete instru- 
mentation, and the nuclear course curriculum. 
For full information, write Nuclear-Chicago 
today expressing your interest in this vital ad- 
dition to your training and teaching facilities. 
A representative will call on you, explain com- 
plete details of the AEC assistance program, 
and give help on making requests for funds and 
fissionable materials from the Atomic Energy 
Commission. 


nuclear - chicago 
CC @e'-te Oe a. Ge 
235 WEST ERIE STREET - CHICAGO 10, ILLINOIS 


Instructor loads reactor with neutron 
source which is generally placed in the 
center of the uranium lattice. Calibrated 
mechanism supplied with the reactor may 
be used to position source anywhere within 
the structure for experimental purposes. 
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Strip Foil Analyzer is one of several sys- 
tems for group experiments. Strip foil 
activated in reactor is drawn automatically 
past Geiger tube in analyzer. Recording 
shows exponential decrease in activity 
along radius of uranium lattice. 


Typical student counting system for indi- 
vidual experiments includes scaler, timer, 
manual sample changer with thin window 
Geiger tube, absorber set, alpha-beta- 
gamma source kit, and set of uranium, 
silver, gold, and indium foils. 
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DEVELOPMENT 
RESEARCH 
PRODUCTION 


GAMMA IRRADIATORS 


RADIATION CELLS 
RADIATION CAVES 
VIEW PORTS 
SHIELDS 


A Few of Man¥ Possible Applications: 
OIL PRODUCTS e PLASTICS 
Present Installatior 


at FOOD IRRADIATION ‘e DRUG STERILIZATION 


MEMORIAL CENTER 


PARKE-DAVIS. BIOLOGICAL STUDIES ¢ INSECT CONTROL 


FORT KNOX 


Custom-built to specific requirements. 
All equipment designed, May we consult with your engineers? 


engineered and built in 
our plant 


SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209- 25th Street, Brooklyn 32, N.Y. Telephone: SOuth 8-1020 
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CAMERON SPLIT-DIE 
FORGINGS FOR 
NUCLEAR POWER PLANTS 


The Cameron split-die process has 
made ferrous forging history in 
components for extreme service. 
These AISI Type 304 stainless steel 
check valve bodies for nuclear 
power plants are another chapter 
in the same story. The Cameron 
processes were perfectly suited to 
produce these unusual forgings. 
Even though test requirements ex- 
ceeded all normal procedure, we 
were ready to meet the exacting 
specifications and complete an- 
other forging contract. Most im- 
portant, performance in end use 
could be predicted and fear of fail- 
ure eliminated. 

Ferrous forgings to 8,000 lbs. pro- 
duced by this method emerge from 
our presses in near final form. A 


vast array of shapes and sizes, 
heretofore impossible to forge in 
one piece, are now solving knotty 
problems in many demanding 
applications. 


= 
“ 
=k 


J 


7) 


Every single production phase from 
melting the high quality steels for 
our ingot supply through blooming, 
forging and heat treating to final 
machining is performed in our 


shops under constant control. Men, 
instruments and machines are 
teamed to make results predictable. 
Grain structures in these remark- 
able forgings are excellent, welds 
are eliminated, and machining is 
made easier. The result is a better 
component which often costs less. 


Extending the design scope of fer- 
rous forgings has made Cameron 
important in solving many prob- 
lems which confront advanced 
design today. Extreme service com- 
ponents for airframes, jet engines, 
guided missiles and a wide variety 
of other end uses are finding a 
solution in the Cameron split-die 
forging process. If you have a 
problem... call, write or come by 


IRON WORKS, inc. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texas 





How your truth dollars 
help keep the Reds 
in the red 


e The truth dollars you give to 
‘Radio Free Europe help keep 
truth on the air behind the Iron 


Curtain. 


And the truth is an enormous- 

ly disruptive force to the Reds. For it keeps 
their captive people thinking . . . wondering 

and less than completely dominated. 
The truth keeps needling the Reds. Breaks 
through their monopoly of lies. Keeps them 
unsure. Off balance. And thus the truth 
keeps up to forty fully armed Red divisions 
tied up policing Russia’s satellite countries. 
Forty divisions, mind you, that might 
otherwise be put to more aggressive use 
elsewhere . . . and who knows where? 


Your truth dollars keep the 29 super- 


powered transmitters of the Radio Free 
Europe network on the air. . . broadcasting 
the truth behind the Iron Curtain... 
every hour of every day. 

Why your truth dollars? 

Because Radio Free Europe is a private, 
non-proht organization supported by the 
voluntary contributions of American busi- 
ness and the American people. And your 
dollars are urgently needed to keep it on 
the air... to help operate its transmitters, 
pay for its equipment and supplies, and its 
scores of announcers and news analysts in 
5 languages. 

Help keep the Reds in the red. Send 
your truth dollars to Crusade for Freedom, 


care of your local postmaster. 


FREEDOM IS NOT FREE! 
Your Dollars Are Needed To Keep Radio Free Europe On The Air 


CRUSADE for FREEDOM 





A BREATH OF HELIUM SNIFFS OUT HIDDEN VALVE FLAWS 





---at high temperatures 


"he assure the integrity of valve body castings 
destined for critical services, K&M’s quality control 
engineers supplement routine inspection procedures 
with a super-sensitive leak test that reveals even the 
tiniest imperfections. 

The valve under test is evacuated and placed in a 
controlled atmosphere continuously monitored by a 
gas analyzer. Helium is then pumped into the sealed 
casting at high pressure. The slightest leakage of the 
gas into the monitored atmosphere indicates a defect 
in the casting, and it is rejected. 


A test for tightness of valve seating also employs 
helium. Here leakage through a blocked-shut valve 
is measured while the valve is in a furnace being 
heated cherry red .. . in steps to 1600°F. 

K&M_ has devised many such special testing tech- 
niques to search out concealed flaws so that costly, 
sometimes dangerous, in-service failures can be 
eliminated. 

Development of new and better quality control 
methods is a continuing effort at K&M _ which proves 


out in your plant. 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 


64 Genung Street, Middletown, New York #1599 
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There’s room for your 
new plant in C/DSTOWNs* 


You can build your new plant virtually in the cen- 
ter of distribution and supply for the entire American 
market ... and still have plenty of elbow room in 
which to expand. 


Census Bureau figures show the population center 
of the United States is in the area served by Central 
Illinois Public Service Company .. . a growing indus- 
trial area which still has an abundance of good plant 
sites. Here is a resident working force of semi- 
skilled, professional and management-trained people 
to help maintain your production schedules. 


Major railroad, air and trucking lines can speed 
your products to markets throughout the nation. 
There’s barge transportation on the Mississippi, IIli- 
nois and Ohio rivers. Resources? Coal, minerals, 
agricultural products, petroleum... and always am- 
ple electric power. 


So, if you’re space minded... and profit minded... 
investigate available CIPStown sites. The services 
of our Industrial Department are available to you. 





*The more than 500 central and southern 
Illinois communities served by CIPS. 








CENTRAL ILLINOIS PUBLIC SERVICE COMPANY 


GENERAL OFFICES: ILLINOIS BUILDING, SPRINGFIELD, ILLINOIS 
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NEW/METALS FOR INDUSTRY 
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Zirconium is now in production by one of the country’s newest 
corporate offsprings — Columbia-National Corporation. 

Columbia-Southern Chemical Corporation, a subsidiary of 
Pittsburgh Plate Glass Company, provides experience in large 
scale inorganic chemical production. National Research Corpor- 
ation contributes an extensive background in extractive and 
physical metallurgy. 

This combination of talents and experience is already showing 
its effect. A new completely integrated plant near Pensacola, 
Florida, carries raw zircon sand through to specification sponge 
at one location, under the complete control of one operating man- 
agement. . . using the exciusive Nitrophos extraction process and 
the proven Kroll magnesium reduction technique. 

Technical service is available without obligation — to help 
you profit with zirconium. Technical Digests on reactor and 
commercial-grade zirconium properties and applications are 
now ready; write for either or both today, specifying your interest. 


Columbia-National Corporation 


Owned jointly by Columbia-Southern Chemical Corporation 
and National Research Corporation 


Dept. R 3-F —70 Memorial Drive « Cambridge 42, Massachusetts 





Do you have 


450 PSIG or 29 “ha: yacupm 
{"H.0 


filtration problems 


as tough as this? 


PUROLATOR’S ENGINEERING SALES STAFF 
WILL HELP YOU SOLVE THEM 


The requirements above are not hypothetical . . . they are 
typical of specifications to which Purolator has designed 
and built filters. The filtering elements designed for this 
application combine two forms of a porous metal media to 
obtain the required filtration qualities with the structural 
strength needed to withstand the punishment of the self- 
cleaning action — plus the temperature gradients and the 
effects of corrosive materials. 

Purolator’s engineering staff specializes in designing 
and building filters for difficult applications like this. The 
emphasis is on engineering, by a staff of “Q” and “L” cleared 
filtration experts, backed up by complete manufacturing 
facilities, able to produce filters or separators of any known 
media to operate within these wide ranges of conditions: 


Filtration For Every Known Fluid 


TEMPERATURES: from —420° to 1200° F. 
PRESSURES: from a nearly perfect vacuum to 6,000 p.s.i. 
RATES OF FLOW: from drop by drop to thousands of GPM. 


DEGREES OF FILTRATION: from submicronic to 700 microns 
(in various media). 


This complete filtration service, for the toughest problems 
in nuclear and chemical applications, is available only at 
Purolator. Purolator’s engineers are ready to work on your 
requirements. If vou have an urgent need for specially 
designed filtration systems, call Jules Kovacs, Vice Presi- 
dent in charge of Research and Development and Product 
Application . . . or send him the details of your application. 


PURQLATOR 


PRODUCTS, INC. 


RAHWAY, NEW JERSEY AND TORONTO, ONTARIO, CANADA 
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call KE for plant expansion or new facilities 


INGENUITY 


has made KE the experienced leader in nuclear projects 


Cost-saving and time-saving ingenuity, plus a wealth of 
nuclear experience—these are two of many reasons why 
Kaiser Engineers has been selected for so many of 
America's challenging nuclear projects. To date, value of 
KE nuclear projects amounts to more than $165,000,000. 


KE provides complete nuclear engineering and con- 
struction services—including concept feasibility, reactor 


criteria, facility design, construction and test operations. 
Project: construction of large plutonium 


production plants. KE work involved reac- at 
tors, shielding, extensive instrumentation, KE nuclear specialists are ready to serve you today. 


stainiess steel piping, machinery instal- “ . 
ations and other oamaaaa pect resem sg Call KE for design and construction, or any aspect, of 


KE completed job ahead of schedule and nuclear research, production or power facilities. 
below the budget. \ 


." 


KAISER 
\“_ ENGINEERS engineers—contractors 


Contracting since 1914 


Division of Henry J. Kaiser Company « Oakland 12, California * New York, Pittsburgh, Washington, D.C., 
Buenos Aires, Calcutta, Dusseldorf, Montreal, Rio de Janeiro, Sydney, Tokyo 
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To engineers whose 
present jobs seem to end 


where they begin... 


AT DOUGLAS, YOUR 


% 


ASSIGNMENTS HAVE 
THE SCOPE THAT LETS 
YOU PROGRESS AT 


YOUR OWN PACE! 


Going around in circles? Chances are your 
present job has become too routine. At Douglas, long- 
range projects of tremendous scope assure 
a constant variety of assignments... and the opportunity 
to expand your responsibilities. Douglas is headed by 
engineers who believe that promotion must come from 
within. They’ll stimulate you to build a rewarding future. 


For important career opportunities in 
your field, write: 


Cc. C. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX L-620 
SANTA MONICA, CALIFORNIA 
yer w; SIUSS a 
yr & / EA \ 
C MOUCLAS<~»~ 
/ Cv» 
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FIRST IN AVIATION 








March, 1958 - NUCLEONICS 








— 
= 
— 
= 
= 
=~ 
= 
= 
= 
= 
= 
= 








_ LADLE 











nuclear core control mechanisms 


FOR ATOMIC REACTORS 


Vard, with more than fifteen years 
experience in the design and manufac- 
ture of ballscrews and acme screw actu- 
ators for the aircraft and missile 
industry, is now engaged in the produc- 
tion of nuclear core control mechanisms 
for atomic reactors. 

Vard facilities are equipped to man- 
ufacture all components; weld, plate, 
assemble and test complete mechanisms. 
Machining 

Compound angles, surfaces and bores are 
machined to .0002 accumulated tolerance. Fin- 
ishes vary from 4 to 63 microinches. 
Production 

94% of the fabrication is performed within 


Vard Manufacturing facilities. 


Quality Control 

“In process” inspection controls and certifies 
dimensions to .0001 insuring the interchange- 
ability of components. 


Welding 

Meets the Navy pressure vessel welding 
specifications for joining dissimilar stainless 
steels; flawless under X-ray at 2% sensitivity. 


Plating 

Chrome plating meets specifications of 
500,000 cycles at specified pressures (without 
lubrication) and temperatures to 600°F. 
Deposit ratios of 2:1 are achieved, including 
corners. Vard is the only company west of 
Chicago approved to perform this plating task. 


p> FIRST... in mechanical actuation 


See the VARD display in 

Booth #416 at the “ATOMFAIR,” 
International Amphitheater, 
Chicago, IIl., 

March 17 to 21 inclusive. 


YARD 


2981 east colorado street © pasadena 8 © california 
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Five nuclear reactors are in various stages of 
development at NDA. Each differs from the others, 
but all bear the stamp of true progress. 

Progress in design is an NDA hallmark and 
accounts in part for its success in a demanding 
field. Equally important, however, is the ability 
of an organization to move from concept through 
engineering design, materials development, labora- 
tory experimentation and critical testing. In these, 
too, NDA’s reactors show invention and originality. 

NDA’s complete reactor capabilities are ex- 


emplified in METR (above), a 50-megawatt 
Materials and Engineering Test Reactor, the first 
of which is now under construction at Mol, 
Belgium. Beginning with the core itself, a unique 
design which combines extremely high neutron 
flux with simple, independent access to each fuel 
and experiment tube, METR I will be a vital part 
of one of the world’s great nuclear centers. METR 
is typical of the family of reactors now under 
design or development at NDA for power, pro- 
pulsion and research. 


OPPORTUNITIES EXIST AT NDA FOR QUALIFIED SCIENTISTS AND ENGINEERS 


a complete reactor company 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 





WHITE PLAINS, N.Y. 
NDA EUROPE 


TEL. WH. 88-5800 
31, Rue du Marais, Brussels, Belgium 
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SmORUR BORER y 


of Key Developments in Atomic Energy 


Foreign Demands Forcing Acceleration, Hearings Show 


Promise of agreement between Congress and industry on goals of the 
U. S. atomic power program was held out at the fourth annual “202” 
hearings on the state of the atomic industry, which began Feb. 19 before 
the Joint Committee on Atomic Energy. Although there was no agree- 


ment on means of implementing 
such objectives, an enlivened in- 
terest on the part of both govern- 
ment and industry in the foreign re- 
actor market as one route to our ob- 
jectives was clearly manifested. 

However, the success of pro- 
tracted efforts to achieve harmony 
between JCAE and AEC in the 
drafting of a statement defining basic 
U. S. nuclear power objectives re- 
mained very much in doubt. An 
uneasy truce, postponing until the 
end of the hearing AEC’s statement 
to JCAE of its current views on 
private industry's role in nuclear 
power development, left the situa- 
tion up in the air as this issue went 
to press; however, NUCLEONICS 
learned that an area of agreement 
has been defined and awaits a 
proval by the Budget Bureau for the 
White House. 

The promise of agreement glim- 
mered as industry put into the 
record of the Joint Committee these 
attitudes, jelling over the past year 
(and supporting the findings of 
NUCLEONICS’ survey last month): 

® that there should be some form 
of acceleration; 

© that whatever its form, substan- 
tial federal money will be needed; 

®that private industry should 
play a major role—and, according to 
industry, should be subsidized in 
that role; 

@that a 10-year, $1-2-million 
acceleration program may be needed 
to meet foreign policy objectives; 


@ that our foreign —— uire- 
ments should be the dominant factor 


in determining the pattern of any 
program acceleration; 

@that independent of accelera- 
tion, some administrative steps must 
be taken by AEC to improve indus- 
try’s export position, chiefly reduc- 
tion of the effective cost of nuclear 
fuel to foreign customers and long- 
term guarantee of supply. 

Still far from solution are such 
major problems as: 

®@ the roles of government and in- 
dustry in building power reactors. 

@ whether foreign policy objec- 
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tives would be better met by build- 
ing reactors on U. S. soil, or in 
foreign territories, or both. 


Feudin’ an’ Fightin’ 

The running feud between AEC 
chairman Strauss and JCAE Demo- 
crats erupted anew when Strauss 
was accused of breaking an agree- 
ment with the Committee to post- 
pone discussion of the P aay pro- 
gram until the end of the hearin 
(tentatively set for mid-March). 
His reading of a telegram from 
Pacific Gas and Electric announcing 
its Humboldt Bay reactor project 
(see story this page) loosed a bitter 


(D-N.M.) and other Democrats. 

AEC had already prepared its 
power program testimony in writing 
(largely a report of progress to 
date) when postponement of the 
controversial issue was proposed by 
James Ramey, JCAE staff director. 
Ramey wanted time while he sought 
to complete negotiations with AEC 
general manager Kenneth E. Fields 
on a statement defining long-range 
U. S. reactor goals and to get 
resulting policy paper approved by 
the Budget Bureau. Such a jointly- 
en statement of government 
objectives was suggested in Novem- 
ber by JCAE chairman Carl T. Dur- 
ham; a tentative draft was discussed 
at high level in December, and 
Ramey has since been shuttling be- 
tween the Capitol and AEC trying 
to obtain full agreement. 

Within this patchwork of near- 


attack by Sen. Clinton P. Anderson 


agreement and disagreement, AEC 


Reactor project news from JCAE hearings 


Pacific Gas & Electric announced—in a wire to Lewis Strauss 
read by the latter to the Joint Committee—that it is undertaking 
a 60-Mw/(e), $20-million privately-financed boiling reactor, and is 
contracting with General Electric for the nuclear equipment and 
with Bechtel to be architect-engineer on a turn-key fixed-price 
basis. Site is PG&E’s Humboldt Bay plant south of Eureka, 
Calif.; completion date is 1962-63. Fuel will be 2% enriched; 
single-cycle unit will be largest with natural circulation. PG&E 
claims second core will achieve competitive power at 8 mills/kwh. 


Florida West Coast-East Central Nuclear groups have received 
a “letter of intent” from AEC for their 50-Mw(e), heavy-water- 
moderated gas-cooled project (NU, Jan. 58, 17) subject to Con- 
gress’ approval. AEC has been asked to put up $5-million in ini- 
tial research-development funds, $1-million in use of its facilities, 
$2.5-million in later development if progress warrants; matching 
amounts would be spent by sponsors. The research-development 
contract would provide: that AEC would decide feasibility of 
construction, and that the Florida utilities could withdraw if an 
improved concept came along, or if a panel of engineers named 
by both parties found prospective costs of nuclear heat to exceed 
150% of conventional. The utilities are willing to carry an annual 
operating overburden of $1-million. 


Atomic International’s Chauncey Starr reported “very, very suc- 
cessful results” with the Organic Moderated Reactor Experiment 
AI built for AEC in Idaho. Starr said, “We have made a proposal 
to a European utility for a 100-Mw organic-moderated reactor, 
and to another one [the SENN group in Italy] for a 150-Mw.” 
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R O U ewe 


and industry witnesses had a sub- 
stantial number of suggestions on 
the need for and direction of reactor 
acceleration. These fell in the two 
areas of domestic and foreign activ- 
ity, the latter getting more atten- 
tion this year than in the past. 

Limited on what it could say 
about the domestic program, AEC 
said it was considering a number of 
—, designed to strengthen 

© competitive position of the U. S. 
reactor industry abroad and, simul- 
taneously, advance the development 
of nuclear power in the U. S. 

“We are sanguine that the pro- 
grams finally adopted will meet 
these objectives,” Commissioner Flo- 
berg declared. The programs are 
due for submission to JCAE this 
month or next for action this year. 


The Starr Plan 

Chauncey Starr, general manager 
of Atomics International, suggested 
a subsidy scheme to guarantee U. S.- 
sponsored reactors for foreign utility 
customers at little or no more cost 
than a fossil-fueled power station of 
the same size. Under the Starr 


plan, the U. S. would fund capital 
costs exceeding those for a conven- 
tional plant and sell the reactor heat 
at the price of fossil heat in the site 


country. 

Lee L. Davenport, president of 
Sylvania-Corning Nuclear Corp., 
called for construction of 5-10 re- 
actors in the U. S. within five years, 
pro ing them to generate 15- 
rome at an installed plant cost 
ey $300/kw of capacity. He 
also called for U. S. subsidy of “up 
to 50%” of the cost of U. S. re- 
actors built abroad. 

W. D. Leggett, Jr., vice president 
of Alco ucts, conned a $50- 
100-million subsidy program for 
domestic acceleration; AEC would 
assume possibly half the excess of 
nuclear costs over conventional 
costs. He also urged steps to as- 
sure prospective foreign purchasers 
of reasonable fuel costs and life-of- 
reactor fuel supply. 

Philip N. Powers, president of 
Internuclear Co., declared flatly that 
“the best way to give strength and 
direction to the [domestic program] 
is to focus its attention on, and 
orient it toward, meeting the im- 
mediate requirements for nuclear 

er development abroad.” He 
offered the view that this tack might 
bypass “our difficult domestic prob- 
lems” but permit acceleration of 
U. S. reactor development. 

John C. Linsenmeyer, executive 
vice president of American Stand- 
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ard, recommended government con- 
struction of pilot-size plants for 
promising concepts, but said large- 
scale versions “should in the main 
be constructed abroad.” He also 
demanded a bolder government 
policy on space and process heat 
reactors and clarification of the third- 
party liability problem abroad. 

Willis Gale, chairman of Com- 
monwealth Edison, urged direct sub- 
sidies to public and private utility 
firms, roughly in the ratio of existing 
generating capacity owned by each 
segment. The government should 
pay “a substantial part, but not all” 
of costs over those justified com- 
petitively, he said. 

Kenneth A. Spencer, spokesman 
for the National Coal Assn., made 
a three-part recommendation: 1. 
encourage greater industry participa- 
tion in AEC services; 2. limit large- 
scale reactor construction to tech- 
nological needs; and 3. make it 
easier for U. S. equipment firms to 
compete in the foreign market. 


Eyes on Foreign Market 

This year’s 202’s have shown 
stronger interest from all sides— 
AEC, JCAE and industry—in the 
foreign market. AEC took a step 
in promoting U. S.-foreign reactor 
arrangements when it asked Con- 
gress in January to authorize long- 
term plutonium purchase contracts 
with foreign reactor owners (up to 
15 years). Floberg testified that 
AEC has taken or is considering 
others steps: equal treatment with 
U. S. reactor owners on fuel reproc- 
essing charges by AEC; the effect 
of lack of foreign indemnity on pros- 
pective U. S. sales; and, working 
with the State Dept., a solution to 
the third-party liability goer 

JCAE chairman Carl Durham 
(D.-N.C.) and Rep. Chet Holifield 
(D.-Cal.) gave a hearty reception 
to the Starr plan for U. S. subsidy 
of capital and fuel costs. A similar 
plan was offered previously in Con- 
gress by Reps. Sterling Cole and 
James Van Zandt. Durham told 
NUCLEONICS that he gave an accel- 
eration program pegged to encour- 
agement of U. S. competition in the 
foreign field a good chance of ap- 
proval this year. He was not so 
optimistic about a domestic con- 
struction program. 

Starr emphasized that he envi- 
sions a foreign reactor subsidy pro- 
gram as a part of U. S. technical 
development program. In short, he 
would insist on limiting subsidy to 
projects which would advance the 
art. Subsidizing the fuel costs of 


five 60 Mw/(e) reactors and five 
200 Mw(e) plants, Starr estimated, 
would cost the U. S. $30-million for 
the first ten years and something 
less than that thereafter as costs are 
trimmed through techological prog- 
ress. He indicated this was based 
on 12-15 mill nuclear power. 

To subsidize the difference be- 
tween conventional and nuclear 
capital costs for the same reactors, 
he estimated, would cost somethin 
over $130 million. Total estimate 
U. S. cost to support his 10-reactor 
program—$160 million. 

“Fortunately,” he testified, “this 
international goal can be accom- 
plished as an integral part of our 
national planning for the develop- 
ment of competitive atomic power.” 

Other 202 highlights: 

® Commissioner Libby said AEC 
has asked Congress for $5 million 
to support increased exploitation of 
radioisotopes. The money request, 
covering the fiscal year beginning 
July 1, would fund: 1. a program to 
encourage AEC-industry coopera- 
tive efforts to find new and exploit 
known uses; 2. a program to accel- 
erate economic application of high 
level radiation to industrial uses; 3. 
a program to train industrial per- 
sonnel in the use of radioisotopes 
and nuclear radiation; and 4. a pro- 
gram to provide incentives for 
private production of radiation facili- 
ties and radioactive materials. 

© Paul W. McDaniel, acting direc- 
tor of AEC’s research division, dis- 
closed that consideration is bein 
given to expanding the controll 
fusion program; specifically under 
review are two proposals to go to 
“larger instruments.” 

® Edward Diamond, under criti- 
cal questioning by Committee Dem- 
ocrats, said the AEC has claimed no 
atomic energy patent for public use 
under special language in the 1954 
Act ws mae this possible. 


AEC Loses Booth 

Chairman Strauss told JCAE that 
a “conflict of interest situation” had 
recently prevented AEC from re- 
cruiting “a very competent man.” 
He was Eugene Booth, who took a 
2-year leave of absence as head of 
the Physics Dept., Columbia Univ., 
last November to become director 
of AEC’s research division. How- 
ever, a pending patent claim against 
the government forced cancellation 
of the plan to hire him. Paul W. 
McDaniel has been acting research 
director since the post was vacated 
Sept. 30 by Thomas H. Johnson, 
now research chief at Raytheon. 
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Japan Asks British Bids 


On First Power Plant 

Three British engineering groups 
have been invited to bid by July 31 
on construction of an atomic power 
station in Japan. The reactor will 
be a natural uranium, graphite- 
moderated, gas-cooled, Calder Hall 
type with an output of 150 Mw(e). 

Specifications have been issued 
to: General Electric-Simon Carves 
Atomic Energy Group; A.E.I—John 
Thompson Nuclear Energy Group; 
and the English Electrice-Babcock 
and Wileox—-Taylor Woodrow Group. 

Daigoro Yasukawa, spokesman 
for the Japan Atomic Power Co., 
said the contract will call for con- 
struction of a complete nuclear 
power station. The contractor will 
be responsible for the safe working 
of the reactor for a “certain” period 
after it comes into operation. Teams 
of Japanese technicians will be sent 
to Britain for training. 

Yasukawa estimated construction 
would start in early 1959 and be 
completed by 1963 at Tokai, about 
70 miles north-east of Tokyo. He 
said he could give no estimate of the 
cost. 

Some re-designing will be neces- 
sary to assure safety during earth- 
quakes. 

Since January 18 a negotiating 
committee of Japan Atomic Power 
Co. has been visiting the sites in 
Britain where atomic power stations 
are presently under construction. 
Some industry observers, noting 
the number of visits the Japanese 
party has made to the Berkeley proj- 
ect, believe the A.E.I-John Thomp- 
son group may have the edge on its 
rivals. A spokesman for A.E.I- 
John Thompson pointed out, how- 
ever, that this may be due to the 
project’s being further advanced 
than the others. The spokesman 
told NuCLEONICs its proposed de- 
sign would be more ee a than 
that of the Berkeley atomic power 
station, yet would “probably be the 
simplest submitted.” 


Stone and Webster Buys 
Walter Kidde Nuclear Labs 
Stone & Webster, a leading archi- 
tect-engineering firm in the field, 
consolidated its position by purchase 
from Walter Kidde & Co. Nuclear 
Laboratories, Inc.—renamed Asso- 
ciated Nucleonics, Inc. Price was 
not disclosed. Wilbur E. Kelley, 
president of WKNL, remains as 
president of Associated Nucleonics, 
with T. Cortlandt Williams, S & W 
president, as board chairman. 
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Euratom Reactor Plan 
To Be Ready by June 


A proposed timetable for the 
building of power reactors in the six 
Euratom countries will be presented 
to the group in June, a member of 
Euratom’s Atomic Energy Commis- 
sion disclosed last month. Enrico 
Medi, vice chairman, said the Com- 
mission has $215 million to pump 
into a reactor program. 

On a visit to the U. S., he in- 
dicated the Commission was anxious 
to get started on both a power pro- 
gram and a physical research center 


(presumably at the site of Euratom 
headquarters to be selected in June 
from among Strasburg, Paris, Brus- 
sels, and Luxem ). 

The J awn orig he said, will 
have a free hand to spend its power 
fund—loans and subsidies—in con- 

ion with World Bank or Export- 
Im Bank loans, or in any way it 
produce the best results. 

A U. S.-Euratom working party 
has begun the spadework for a joint, 
l-million Kw reactor program for 
the Euratom countries. Euratom 
President Louis Armand plans an 
= visit in the U. S. for high-level 


PWR on utility duty; reactor's stability gratifying 
At 8 a.m. Monday, February 25, the Shippingport Atomic Sta- 


tion went critical and to full power for the third time. It will do 
service for five of the next six weeks as a regular, peak-load sta- 
tion in the Duquesne Light Co. grid during scheduled mainte- 
nance on units at Elrama. Experience to date with PWR (NU, 
Jan. 58, 23, 68) has shown that this, this nation’s first large- 
scale nuclear power station—like its smaller predecessors: APPR 
(NU, May °57, 26), EBWR (July ’57, 60), VBWR, (Feb. °58, 
facing 76)—is remarkably stable under load changes. On Dec. 
28, the entire 67-Mw (gross) load was dropped instantaneously 
when the turbine throttle valves tripped: the reactor followed, by 
temperature coefficient—the rod settings never moved; normal 
temperature and pressure were recovered at once, and immediate 
resumption of power output was limited only by synchronization 
of the generator. Bugs so far have been minor: a turbine gov- 
ernor valve broke and has been replaced; two (of 10,000) heat- 
exchanger tubes are leaking and will be removed while PWR 
operates, as intended, on three of its four loops. Meanwhile AEC 
and Duquesne are studying how the reactor performs under vary- 
ing loads, and are completing plans for a later testing period, 
starting April, in which design operating conditions will be ex- 
ceeded to determine the plant's real limits. 


GE, ACF in contest for Elk River 


General Electric and ACF Industries are locked in a spirited 
struggle over their proposals to AEC to build the Elk River boil- 
ing water reactor (NU, Nov. 57, 19). AEC’s reactor division had 
tentatively decided in mid-February to recommend one of the two 
for approval by the Commission itself, but has since reconsidered, 
upsetting plans to announce the winner by March 1. 


Italian reactor job hits snag 


Owing to domestic, financial and other circumstances, Italy may 
retrench from four to three major power reactor projects, and one 
U. S. project is in some doubt. AGIP Nucleare’s order in Britain 
for a Calder-type (NU, Dec. 57, 17) is apparently being trans- 
ferred to SIMEA for construction near Rome, and SIMEA’s con- 
tract with Vitro Engineering is being taken up by AGIP (NU, 
Sept. 57, 28). Whether Vitro’s project reaches the construction 
phase is problematical, and may depend on the results of the 
Italian elections in May; in the meantime, Vitro is proceeding with 
its preliminary engineering study on plant definition and costs. 
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Democrats Seek Outer Space Policy Control for AEC 


Under the glamorous spell of nuclear rocketry, the government ad- 
versaries over nuclear power policy declared a narrow but clear truce 
last month to present a bipartisan appeal for a major Atomic Energy 
Commission role in the conquest of outer space. 


In an inspired atmosphere of 
sweetness and light, AEC Chair- 
man Strauss and Congressional 
Democrats Albert Gore, Clinton P. 
Anderson and Chet Holifield re- 
leased from the AEC/Air Force 
kennel Rover, Pluto and Snap, 
projects representing a broad effort 
to perfect nuclear propulsion for 
rockets and ramjets. 

Meanwhile AEC and the Air 
Force announced new contracts for 
work in nuclear rocketry. Rocket- 
dyne, a sister division of Atomics 
International in the North American 
Aviation Inc. family, got an Air 
Force study and research contract 
for development of a nuclear rocket 
engine—an extension of work under- 
way at NAA in this field for some 
years. §. V. Gunn will be Rocket- 
dyne project engineer for the work. 
And AEC extended its contract with 
the Boston firm of Edgerton, Ger- 
meshausen & Grier, calling on EG&G 
to “install and operate some of the 
control and measuring systems 


planned for use in the testing of 
nuclear reactors which may lead to 


development of nuclear rocket 
propulsion system.” Tests will be 
conducted at AEC’s Nevada test 
site. 

A 90-minute hearing of the Joint 
Committee’s Special Subcommittee 
on Outer Space Propulsion, headed 
by Senator Anderson, showed that 
AEC has and probably will retain 
responsibility for development of 
propulsion and auxiliary reactors, 
regardless of the outcome of the 
current controversy on space re- 
sponsibility within Congress and the 
Executive Branch. 

The hearing also produced the 
first unclassified discussion of Proj- 
ects Rover, Pluto and Snap, plus a 
fourth, unnamed project covering 
ionic propulsion for mobility and 
maneuverability of a vehicle al- 
ready thrust beyond the orbital pull 
of earth by a nuclear or chemical 
rocket. All four projects involve 
fission heat: 

Rover—Development of a nuclear 
rocket of great st to lift heavy 
loads into outer space. 

Pluto—Development of a nuclear 
ramjet aircraft. 

Snap—Development of Secondary 
Nuclear Auxiliary Power for satel- 
lites and space vehicles. 





Ionic Propulsion—Development 
of a nuclear power plant to provide 
a long-term energy supply for con- 
version to ionic thrust in outer 
space. An _ ion-propelled space 
vehicle would be the last stage of 
a rocket based on nuclear or es. 
ical propulsion (see figure). 

As with the nuclear navy and 
air force, the job of wedding per- 
fected = to the correspond- 
ing rocket frames and components 
is a joint one of AEC and the 
military. Admiral Hyman _ Rick- 
over wears military and AEC hats 
for the Navy and Maj. Gen. D. J. 
Keirn is the corresponding chargé 
for nuclear aircraft. Col. Jack Arm- 
strong, deputy to Keirn, is the “two- 
hat man” for Rover, Pluto, Snap 
and ionic propulsion. 


Success Assured 

Armstrong views the nuclear 
rocket as assured. He feels the 
problems are less formidable than 
those of the atom and hydrogen 
bombs, principally because of the 
technology available from these and 
other nuclear accomplishments and 
because “there are fewer uncer- 
tainties involved in nuclear pro- 
pulsion.” He told the Anderson 
subcommittee he would be the first 
to emphasize “it is not an easy job.” 
But he also commented: 

“If I did not think it was possible, 
obviously I would quit.” 

Subcommittee chairman Anderson 
called the February hearing for two 
major reasons: To publicize AEC’s 
prospective contribution to rocketry 
and to make a strong play for giv- 
ing AEC complete control of outer 
space activities in the Administra- 
tion (under JCAE jurisdiction). 

On the first, the hearing showed 
clearly that AEC, in cooperation 
with the Pentagon and other govern- 
ment agencies, has much to con- 
tribute. 

On the second, where nothing is 
clear-cut, President Eisenhower has 
asked his Scientific Advisory Com- 
mittee to recommend the best course 
of administrative action and Con- 
gress has moved to create its own 
special outer space committees. 

Meanwhile, JCAE will continue 
to exercise its jurisdiction over 
nuclear space developments. 


In this dramatic situation, Strauss 
and Armstrong appeared before the 
Anderson subcommittee to talk 
rocketry nucleonics. They were 
asked in advance to discuss current 
space programs, advanced concepts, 
comparative merits of chemical and 
nuclear at rm need for more 
money, availability of AEC facilities 
for work in this field and type of 
federal agency best suited to the 
task of conquering outer space. 


Strauss’ Views 

Strauss’ comments on these sub- 
jects: 

® Current programs are Rover, 
Snap and ionic propulsion (Pluto is 
basically non-space, though it may 
have something to contribute). 

@It is early in nuclear rocket 
development to be making accurate 
comparisons with chemical propul- 
sion “and we have, of course, not 
yet proven that a nuclear system 
will, indeed, work.” On the as- 
sumption that nuclear systems will 
work, however, “it appears that 
nuclear systems would be very at- 
tractive, particularly where large 
payloads in space travel are con- 
cerned.” 

®No “crash” acceleration of 
Rover and Snap is feasible for tech- 
nical reasons but it might be worth 
the “big risk” to go ahead with Air 
Force spending “of large sums of 
money” on the development of non- 
nuclear components for the rocket 
“so that we would be off to a run- 
ning start with the reactor when it 
has proved feasible.” AEC has 
asked a $10.5-million increase in 
rocket spending in fiscal 1959. 

© The Los Alamos and Livermore 
Laboratories, with prime responsi- 
bility in this field, could not signif- 
icantly increase their efforts without 
impairing their weapons work, also 
their prime _ responsibility. The 
other AEC labs could play a larger 
part in the program if it were 
speeded up, he said. 

Assuming a decision to go ahead 
with the Air Force’s frame and com- 
ponent development, Strauss said, 
the necessary support facilities are 
already in existence “to a large ex- 
tent,” either in or out of AEC, “but 
not all that would be necessary.” 

© Because of the study ordered by 
the President on executive organiza- 
tion, Strauss could not comment on 
the best-suited type of agency. 

Armstrong took the subcommittee 
a little deeper than Strauss—on a 
“personal opinion” basis—into the 
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nuclear-vs-chemical question. He 
viewed the nuclear rocket as 
simpler, because it would substitute 
single-stage for multi-stage vehicles; 
as lighter, because it would not re- 
quire an oxidant; and as more 
powerful, because the thrust of an 
equivalent weight of a nuclear 
rocket would be upwards of 2-4 
times the thrust of the best known 
chemically-fueled rocket. 

“So,” he explained, “if you accept 
the premise that the nuclear rocket, 
if successful, weighs less in its dead- 
weight than a chemical rocket . . . 
and produces a thrust which is 
considerably greater, then I think I 
would rest my case that the pay- 
load or the distance which you can 
take it is obviously larger.” 

Once in outer space, Armstrong 
pointed out, the amount of thrust 
required “is very, very small.” 


“Therefore,” he offered, “you can 
attack this from another Or 
That is to have a ve 
mass of material Pht ides to an 
extremely high velocity. This is 
where the ionic propulsion scheme 
fits in... . 

“But this is going to require a 
major breakthroug . because 
the weight of the machinery to con- 
vert heat into electricity—and elec- 
tricity is a must in ionic propulsion 
—is an extremely heavy thing.” 

A nuclear source for this electrical 
energy is the most obvious, Arm- 
strong contended, because of a re- 
actor's ability to supply a continuing 
amount to the ion source and ac- 
companying ion accelerator over a 
lengthy period. 

If you want electrical energy out 
in space for a long time, I don't 
know of any other way of getting 


it other than nuclear because any 
thing (based on) batteries or 
engines is obviously not going to 
= but a short time.” 
ciel of Ber federal agencies 

are ; ates toward perfection of 
the ionic propulsion concept—AEC, 
the Air hg the National Advisory 
Committee for Aeronautics and the 
National Science Foundation. 

Armstrong told nucieonics that 
“an awful of firms have in- 
dicated interest in the Rover project, 
including a number doing some re- 
search-development work of their 
own. The only private interests 
under government contract on the 
nuclear rocket, however, are the 
University of California (contract 
operator of Los Alamos and Liver- 
more Laboratories for AEC), Aero- 
jet General, Rocketdyne and Edger- 
ton, Germeshausen & Grier. 





How Nuclear Rockets Might Work 
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A LARGE single-stage rocket (left) is 
powered by a solid-fuel-element reactor 
that heats hydrogen propellant to high 
temperatures to provide thrust. Unlike 
a chemical rocket, the nuclear version 
has no theoretical limit on the propel- 
lant exhaust temperature and is not 
forced to carry high-molecular-weight 
oxidizers such as liquid oxygen or 
flourine. This means that a nuclear 
rocket would have a burnout velocity at 
least twice that of the best possible 
chemical rocket for the same size and 
payload. A major problem is the 
engineering of a reactor core structure 
capable of withstanding the high tem- 
peratures necessary. Nuclear rockets 
could be used to lift payloads into orbit 
or provide complete escape—tasks im- 
possible for single-stage chemical 
rockets. A typical design would weigh 
100,000-200,000 Ib, produce about 
4-million !b thrust and use a 1,000- 
2,000-Mw(th) reactor. 

A much smaller reactor (right) powers 
an ion-propulsion rocket. Fission heat 
drives a turbogenerator to produce elec- 
tricity. The generator maintains a high 
voltage across the parallel grids which 
accelerate ionized fuel atoms to 
enormous exhaust velocities. Thus the 
ion-propulsion rocket extracts up to 50 X 
more impulse than a conventional rocket 
from the same amount of fuel; the 
cumbersome equipment required to gen- 
erate electricity from heat, however, im- 
poses a thrust-to-weight ratio ~1000X 
smaller. As ion-propulsion rockets can 
best provide a small thrust for a long 
time, they are ideal for travel in free 
space after gravitational escape. A 
200,000-ib ion-propulsion rocket using 
a 50 Mwi(th) reactor could, after 6 
months of acceleration, reach a velocity 
of about 100,000 mph. 
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Boost in Research Funds 
Sought by Scientists, JCAE 

The science-minded 85th Con- 
gress, displaying a sharp interest in 
improving America’s scientific posi- 
tion, is almost certain to dump a 
batch of extra money into the lap 
of the Atomic Energy Commission 
for basic research. 

The Joint Committee on Atomic 
Energy last month took the unusual 
step of calling in 50 of the nation’s 
top scientists for a two-week-long, 
technical briefing on U. S. progress 
—and needs—in basic research. 

Rep. Melvin Price (D-Ill.), the 
subcommittee chairman stated his 
conviction that “lack of sufficient 
funds and inadequate facilities are 
among the chief obstacles to con- 
tinued progress in our physical re- 
search program, both in the civilian 
and defense fields.” He proposes 
that spending for basic research be 
increased by at least 50%, and is 
confident JCAE will recommend a 
big stepup in the $71.5-million cur- 
rent] ing spent for this purpose 
by the AEC. 


Rep. Carl Durham (D-N. C.), 
chairman of the full committee, says 
the hearing series was “one of the 
best and most important on a 
scientific subject I've seen in my 
years in Congress.” 

A procession of witnesses, led by 
Alan T. Waterman of the National 
Science Foundation, flatly called for 
an increase of 50-100% in spending 
for basic atomic research as soon as 

ible. Waterman warned that 
our technological future lies in the 
lap of basic research.” 


We—and the Russians 

Several of the scientists agree that 
the U. S. still leads the Soviet union 
in basic research, but that this lead 
may be lost unless the U. S. does 
something to improve the quality 
and quantity of scientific teaching 
in high schools, and increases gov- 
ernment support for basic research. 

Luiz W. Alvarez of the Univ. of 
California says the Russians are very 
competent, but thus far are mostly 
doing work which has already been 
done in other countries. “I expect 
that in the next few years we will 
see them branching into areas of 
physics that we have not been in 
yet,” he predicts. 

Isador I. Rabi, 1944 Nobel prize- 
winning chemist from Columbia 
Univ., agrees that we are still “way 
out in front” of the Soviet Union in 
basic research, but that the Russians 
are coming along rapidly and may 


very well pass us unless something 
is done about the failure of second- 
ary schools to offer students proper 
grounding in science. 

“I suspect the American people 
are more ready to support adequate 
research than the Budget Bureau is 
willing to believe,” Rabi concluded. 

The hearings covered a wide 
range: nuclear chemistry, radiation 
and hot atom chemistry, high tem- 
an gos problems, ion exchange, 
tee radicals studies, high energy 
physics, high energy accelerators 
and use of computers. 


Fusion Progress 

Highlight, however, was a review 
of progress and problems on Project 
Sherwood—the effort to harness 
thermonuclear power. 

Melvin Gottlieb, chief of thermo- 
nuclear experimentation at Prince- 
ton, testified that the requested 
$800,000 increase in Sherwood’s 
budget for the next fiscal year 
should allow completion of the C- 
Stellarator at Princeton by mid-1959 
—two years earlier than originally 
planned. It will be used to put a 
very strong magnetic field outside 
an eight-inch pinch tube—about 
three times larger than tubes now in 
use—in efforts to further confine and 
stabilize the plasma. 


Price Summarizes 

As the hearings ended, Chairman 
Price said the testimony convinced 
him of two prime needs: 

® The 50% increase in spending 
for basic research by government, 
industry and the universities. 

© Government stimulation of more 
scientific education in the secondary 
schools. Price already has a bill 
pending which would provide out- 
right cash grants of $500 for any 
high school graduate passing a 
mathematics achievement test. 

AEC’s basic research expenditures 
have climbed from $21-million in 
1948 to $71.5-million in the current 
year (not including thermonuclear 
work). AEC plans no increase, al- 
though officials say the matter is 
under continuous review and “we 
can reprogram more if we find that 
it’s needed” 

Price, obviously dissatisfied with 
AEC’s stand, says the nation’s total 
basic research effort must be in- 
creased by 50%. Most of the in- 
crease must come from the govern- 
ment, he says; accordingly, govern- 
ment expenditures might well be 
doubled. He is confident that the 
Joint Committee will back him up 
on this. 


Uranium Industry Seeks 
Congress’ Help in Crisis 


The government-born and -bred 
uranium industry, suffering its first 
attack of growing pains, turned to 
Congress last month for help in 
selling more ore and oxide. 

The combination of a levelling- 
off in AEC purchases and an insub- 
stantial commercial market left the 
industry with a high rate of explora- 
tion and development but no cor- 
responding demand (NU, Jan. ’58). 
To support the industry while it 
awaits the growth of an industrial 
market, Congress was asked to con- 
sider at least three possible moves: 

1. Authorize U. S. uranium pro- 
ducers to sell in the commercial 
world market. 

2. Inaugurate a stockpile pur- 
chase program beyond what is 
needed for normal weapons and 
non-weapons consumption. 

8. Limit AEC purchases from 
foreign suppliers. 

4. Require AEC to reconsider its 
present domestic policy. 

The industry's Best real crisis was 
something of an anomaly. Most 
producers and millers (who convert 
U ore to oxide) were doing excel- 
lent business with the AEC at good 
prices and under long-term guaran- 
tees. Others, however—particularly 
in areas of recent discoveries like 
Wyoming and Colorado—were com- 
plaining that AEC had frozen them 
out of the market by its October 
order virtually halting mill con- 
struction. 

From an industry point of view, 
the October order has boiled down 
into a fight by the “outs” to enter 
the AEC purchase program along- 
side the “ins.” From the AEC 
point of view, buttressed chiefly by 
the Budget Bureau, uranium Fea 
chase money has reached a ceiling. 
AEC’s new budget of $2.4-billion 
(fiscal year 1959) allocates nearly 
$650-million or 27 percent, for pur- 
chase of U, according to Jesse 
Johnson, AEC’s chief for raw mate- 
rials. By 1960 and 1961, he said, 
spending will run “well in excess of 
$700-million.” 

“As a result of the tremendous 





New Mill for Wyoming 

A 1,000-ton/day uranium mill for the 
Gas Hills area of Wyoming has been 
proposed to AEC jointly by Vitro Min- 
erals Corp. and Atlas Corp. More 
than 1.5-million tons of U-ore reserves 
in the area were shown by a $2.25- 
million exploration program. 
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increase in domestic ore reserves 
during the past three years and the 
prospects of further increases,” he 
told the National Western Minin 
Conference, “a policy of unlimit 
purchases would lead to serious 
overproduction and a greatly in- 
creased uranium budget. 

Johnson hinted t increased 

ending for U-buying might j 
nines e AEC ie ae te 
development of reactors the indus- 
try must look to for its best market. 

“The atomic power program is 
most important to the uranium in- 
dustry,” he pointed out, “for its fu- 
ture depends upon the development 
of reactors that can produce com- 
petitive power. . . . It is necessary 
to limit the funds for each essential 
program to those which can be 
used effectively. 

“In the case of uranium, this 
means that deliveries and require- 
ments should be in approximate 
balance. That balance will be 
achieved by deliveries under exist- 
ing domestic and foreign commit- 
ments.” 

Johnson readily declared his con- 
cern “over the problems of those 
who already have developed ore at 
substantial expense and who as yet 
may have no adequate market for 
their ore.” His office is conducting 
a survey on the dual necessity for 
solving these problems and encour- 
aging enough exploration and de- 
velopment over the next several 
years to support the heavy demand 
anticipated in the "60's. 

Johnson was among several con- 
ference speakers who warned that 
exploration and development efforts 
must not come to a halt. 

“The long-term outlook,” he said, 
“is for expanding production to meet 
the requirements for atomic ; 
Contin exploration will be 
needed to assure ore reserves for 
this future expansion and to provide 
the basis for huge capital invest- 
ments in atomic power plants. 

“In my opinion, the minimum ex- 
ploration and development rate 
should be one that would maintain 
our domestic ore reserves at @ 
proximately the present level (75,- 
000,000 tons). On the basis of 
the 1959 ore production rate, this 
would mean developing ; about 
7,000,000 tons of ore a year (to 
give a reserves-consumption ratio 
about 10-1).” 

A subcommittee of the Joint Com- 
mittee on Atomic Energy, headed 
by Sen. Albert Gore (D.-Tenn.), 
has scheduled the first JCAE study 
of the U-industry, later this year. 
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Navy Rushes Ballistic Missile Atom Submarines; 
Seeks A-Destroyer, 5 More Subs for ’59 Program 


shipyards for construction only three 
days after Congress approved a sup- 
plemental appropriation for them. 
The first two will be built at the 
Electric Boat division of General 
ics—the Groton, Conn., tr 
that has built or is building the 
first of each of the seven earlier 
classes of A-subs starting with 
Nautilus. The third FBM (for 
Fleet Ballistic Missile) submarine 
will be built by Mare Island Naval 
Shipyard, Vallejo, Calif. 

A $13-million contract went at 
the same time to General i 
for p tion of construction 
and calculations on the FBM-type 
sub. An $18.63-million Navy con- 
tract was awarded Westinghouse for 
reactor components for the three 
subs, and a $6.36-million order went 
to General Electric for i 
machinery (NU, Feb. ’58, 28). 

Congress had voted $296-million 
for the first three units of this new 
class. The first vessel is 
to cost $105-110-million, the next 
two $85-90-million each. And the 
Navy has asked that the 1958 ship- 
building program be further ex- 
panded by another supplemental = 

ropriation to allow for six ad- 
Ditional FBM subs, for a total of 
nine. i 

Four nuclear-propelled submarines 
that will fire the Regulus guided 
missile are already under construc- 
tion. The FBM subs, as the name 
implies, will be armed with a bal- 
listic missile—Polaris, a 1,500-mile- 
0 weapon with a thermonuclear 

ead. 

The first three FBM submarines 
will be the world’s est at 5,600 
tons, 380 ft long, 33 ft in beam— 
shading the 5,450-ton Triton, a two- 
reactor radar picket submarine 
now building at Groton. (Previous 
undersea recordholders were France’s 
plane-packing Surcouf, 2,880 tons, 
sunk in 1942, and Japan’s three 
late-World War II monsters of the 
1-400 class, 5,223 tons.) 

Big iy a they are, the FBM 
subs will have the revoluti 
Albacore or whale-shaped hull de- 
sign that will endow it with tre- 
mendous underwater . (The 
first of seven Albacore-hull subs with 
nuclear propulsion—S will 
be launched at Groton spring. 
It will be “conventionally” armed— 


with torpedoes.) Navy officials dis- 
closed in Washington that the FBM 
subs will be able to “more than 
10” of the 30-ft solid-fuel Polaris 
missiles—some said “up to 
16.” will i 


with 
the SINS (ship's 


inertial tion em) whose 
os will permis the vessels to 


scheduled to be delivered in 1960, 
coinciding with the time fh is 
due to go into nti uction. 

Meanwhile ad Missile Sys- 
tems announced start of an are 
building program on a multi-million- 
dollar Polaris ground-testing station 
in the Santa Cruz mountains south 
of San Francisco, to accelerate 
Polaris development. The remote 
facility, comprising a of 
concrete-and-steel test stu: will 

it static testing of missile 
under flight-like conditions of 
and vibration; the rocket 
will actually be fired, but no missiles 
will be launched. 
1959 Shipbuilding Program 

Appearing before the House 
Armed ~om Committee, Chief of 
Naval tions Arleigh A. Burke 
cg that in its Page ss a 

ding program, Na d in- 
cluded (and was asking fands for) 
the long-awaited nuclear 
and five further A-subs, one a 
missile-launcher, the other four at- 
tack or anti-submarine types. 

Late in the month Skate set a 
203-hours-to-England record for A- 
subs, steaming 2,828 of 3,161 mi 
submerged. 

And Now: Submarine Tanker 

Maritime Administration has given 

ics a $25,000 i 
bility stu 


contract on a huge, 

ly submarine tanker with nu- 
. It contemplates 
100,000-ton, - 


tanker doing 
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AEC Seen Anxious to Reduce Atom Regulatory Task; 
Ohio Coordinator Predicts Enlarged State Role Soon 


“The states may have to assume a host of new governmental responsi- 
bilities (on atomic energy) sooner than they anticipate—responsibilities 
which for the most part are presently pre-empted by the federal 


government.” 

This is the prediction of Wil- 
liam H. Eells, 36-year-old pioneer 
in an area of considerable interest 
to the nuclear industry: state and 
local jurisdiction over commercial 
application of the atom. 

Coordinator of atomic develop- 
ment activities in the state of Ohio 
since Oct. 1, Eells has been cata- 
Hasse into the center of a transitory 

which tastes of a federal gov- 
ernment attempt to back away from 
its regulatory role and a state gov- 
ernment move into the regulatory 
and promotional picture. 

The brew’s eventual appeal to 
nuclear businessmen depends to a 
substantial extent upon Eells and a 
handful of men like him who have 
been assigned weighty state re- 
sponsibility for atomic regulation 
and promotion. 

Eells’ views and activities are 
particularly significant because he is 
the officer in any state asked 
to take full-time authority over the 

ceful atom, and to be given a 
cabinet-level chair from which to 
handle the job. He, more than any 
other man in the Ohio government, 
will shape the state’s regulatory 
laws and its public attitude toward 
nuclear industrialists. What Ohio 
does, in turn, will have an im- 
portant bearing on the procedures 
eventually adopted by other state 
— (more than 30 states 

ve some degree of activity). 

“It is important,” he told nv- 
CLEONICcS, “for the states to make 
two points their guide: (1) to do 
as much as possible to encourage 
peacetime development of atomic 
energy for the benefit of the public 
and (2) to do everything possible 
to guard against hazards which are 
an outgrowth. 

“There is no question in my mind 
that we must go all the way to pro- 
tect the public health and safety. 

“However, this is not just a 
public health problem, nor is it just 
an industrial relations or insurance 
problem, and this is where a co- 
ordinator definitely fits into the 
picture—for it is a combination of 
all these and other (problems) 
which must be solved.” 

Eells shares the view of most other 
leaders in the field that existing 


24 





state agencies can assume the duties 
in nuclear regulation and promotion 
which they already exercise in deal- 
ing with other industries. In this 
respect, Ohio’s atomic energy law, 
signed by Governor C. William 
O'Neill last June, has made a major 
contribution to easy transition from 
federal to state authority, Eells 
asserts. 

“We feel, first,” he explains, “that 
this law is a positive step for the 

resent and certainly for Ohio's 

ture. It is of help to the growth 
of industry, medicine and agri- 
culture and, at the same time, it 
reassures the public as to safety and 
health implications. 

“Second, it gives legal sanction 
in the field without establishing any 
vast regulatory agency. I have 
interpreted this office as an Ohio 
clearing house on peacetime atomic 
energy matters, and I think the law 
lends to a favorable and receptive 
climate for development by going 
through existing channels or depart- 
ments already in business. 

“Third, it puts ‘teeth’ into atomic 
problems by placing the position of 
coordinator (Eells) at a Ahigh level 
in state government as a ‘deputy’ of 
the governor. Governor O'Neill has 





Major Provisions of Ohio’s 
Atomic Energy Law 

® Directs the agencies of health, 
industrial relations, highways, in- 
surance, natural resources, public 
utilities and others to “initiate and 
pursue” studies on legislation and 
regulations needed for adequate 
supervision of nuclear activities. 

® Directs the governor to appoint 
a full-time deputy to coordinate “the 
development and regulatory activities 
of the state government relating to 
the industrial and commercial uses 
of atomic energy,” in liaison with 
interested state agencies, other states, 
federal authorities, and the public. 

© Creates an Il-member atomic 
energy advisory board to backstop 
the coordinator. Its membership in- 
cludes the coordinator, one person 
representing each of labor and man- 
agement, a medical doctor, two 
nuclear scientists, and five with un- 


specified qualifications. 


again evidenced his support of this 
legislation by having [Eells] take 
part in weekly cabinet meetings.” 

Eells sees the Atomic Energy 
Commission as overburdened with 
regulatory chores and anxious to ab- 
dicate as many of these responsi- 
bilities as it safely and smoothly 
can in favor of the states. Among 
other things, he bases this opinion 
on a several-hour interview with 
AEC chairman Strauss in January, 
and the recent moves by AEC and 
others to get Congressional sanction 
for reduced federal jurisdiction over 
the new industry. 


Federal Legislation 

AEC has proposed federal legis- 
lation which would permit the states 
to adopt their own radiation 
standards and other measures so 
long as the regulation of nuclear 
firms is not watered-down in the 
process. AEC would retain its li- 
censing function. Other bills to put 
the states into the regulatory busi- 
ness (and concurrently ease AEC out 
of it) have been suggested by the 
chairman and vice chairman of the 
Joint Committee on Atomic Energy, 
Rep. Carl Durham and Sen. Clinton 
P. Anderson, respectively. 

Moreover, JCAE has informally 
indicated it will conduct public 
hearings on the entire federal-state 
issue this year—its first real look at 
the problem. 

From these and other signs, Eells 
concludes that “the states must speed 
up their activities to be ready for 
new administrative functions.” 

“If we expect to encourage the 
development of the peacetime uses 
of the atom,” he warns, “the states 
must have a healthy, receptive 
climate made possible by the estab- 
lishment of responsible, orderly gov- 
ernment procedures which can 
readily adjust to the new demands 
in an atomic era.” 

Eells has expended considerable 
effort in counselling state depart- 
ment heads against moving too 
swiftly into the nuclear field with 
legislative proposals and regulations 
that might prove inadequate or 
overadequate. 

“I think, as public officials in this 
field,” he advises his cabinet col- 
leagues, “we must move with caution 
in adopting new codes and legisla- 
tion. (They) must be built... 
on actual experience.” 

Finally, Eells feels strongly that 
constant contact with the public— 
“the educational-public information 
phase”—is a major area of his 
activity. 
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Reactor News 


GE COMPLETES NEW FUEL PLANT 

A $1.5-million addition to its nuclear fuel element manu- 
facturing facilities has been completed by General Elec- 
tric at San Jose, Calif. The 32,000-sq wey comple- 
ments an earlier $1-million, 15,000-sq ft building that 
will now be used entirely for making research reactor 
elements and for studying noes element designs. 
The new plant contains $1-million worth of equipment 
to make rod-type elements of uranium-oxide pellets in 
stainless-steel or zirconium tubes. It includes uranium- 
powder-blending machinery, pelletizing presses, baking 
ovens to harden the pellets at up to 3,000° F, and tube- 
loading and welding equipment. The plant can make 
300,000 pellets, 0.5-in. long X 0.5-in. dia, per month, 
will start by making the 3.5-million pellets needed for 
the Dresden Station's first charge. 


PURR WORK STARTING 

AEC issued bids last month for construction on the 
Plutonium Recycle Reactor to be built at Hanford Works 
(NU, Jan. ’58, 62). The work will include a steel 
containment shell 80 ft dia x 121 ft high, 46 ft below 
grade; installation of a circular bridge crane, air condi- 
tioning and ventilation, adjacent storage facilities, etc. 
The work is to be done in 14 months. A separate bid 
invitation covers installation within three months of 
piping, roads, fencing, a disposal pit, a parking area 


and other utilities. 


NEW LARGER TURBINE FOR VALLECITOS ? 
Pacific Gas & Electric Co. is “giving very serious thought” 
to replacing its 5-Mw(e) turbogenerator at the Val- 
lecitos boiling reactor with a larger one, a P.G.&E. 
engineer told the Oakland Tribune. Since the reactor 
went to higher power (NU, Feb. ’58, 26), 2.5-Mw(e) 
has been dumped to condensers. The present turbine 
cost ~$570,000. The reactor may be capable of as 
much as 25 Mw(e), five times design power, accord- 
ing to its designer and manager, Samuel Untermyer II; 
“it is still too soon to say what the upper limit” of its 
capacity may be, he adds. 


TELLER CO. GETS TREAT CONTRACT 

With a low bid of $334,716—well below AEC’s final 
estimate of $475,000—Teller Construction Co. of Port- 
land, Ore., won a contract to build the non-nuclear 
portion of TREAT—the Transient Reactor Test facility 
at the Idaho reactor testing station. (NU, Jan. ‘57, 
26). Nine other firms bid. 


CORNELL PLANS 2-IN-1 TEACHING REACTOR 


Cornell Univ. has developed a unique design for a two- 
core teaching reactor, and has asked AEC for a con- 
struction permit, NuCLEONICS learns. The $600,000 unit 
would consist of a 10-kw pool unit as a neutron source, 
and a separate 10-watt core for reactor physics work, 
operating alternately from a single console. The former 
would resemble the Naval Research Lab pool but with 
the core fixed, not on a moving bridge; the latter would 
be like the Brookhaven critical assembly. A $600,000 
building housing them would contain a gamma irradia- 
tion facility, student labs, counting rooms. Vitro has 
been collaborating on detailed plans. 
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A-CARRIER ENTERPRISE BEGUN 

The keel was laid Feb. 4, in a graving dock of the New- 
port News building and Drydock Co., for the Navy's 
mammoth eight-reactor nuclear aircraft carrier named 
Enterprise, the heroic flattop of World War II. 
Meanwhile this 100-ton reactor vessels (photo), one of 


two for installation in the carrier’s land-based prototype, 
was shipped from Foster Wheeler’s Mountaintop, Pa., 
shops to the Idaho reactor testing station (NU, Sept. 
"57, 26). Exceeded in size only by the Shippin 
vessel (NU, Dec. ’56, 26), the vessel is over 19 ft 

105 in. dia; its flange is 18 in. thick, 137 in. dia. 
The shell is formed of 7-in.-thick manganese-m um 
alloy steel lined with stainless. Meanwhile on the 
political front in Washington, Rep. Clarence Cannon 
(D.-Mo.), chairman of the House ropriations Com- 
mittee, failed in two moves to kill carrier rape 
but succeeded in quashing Enterprise’s sistership, 

was envisioned by the Navy as second of a class of six. 
Cannon wants to see the mera A me on submarines. 
The Navy told his committee that killing the $314-million 
Enterprise would cost $80-100-million in cancellation 
fees and expenditures already made. 


NEW SEAWOLF REACTOR CONTRACT 

The Navy has asked Congress for $20-million to pull 
out Seawolfs sodium-cooled intermediate-neutron re- 
actor and replace it with a pressurized water system 
now cool for all Navy A-ships (NU, Feb. ’57, 26). 
Westinghouse got a $750,000 contract for the reactor. 


MICH. STATE PLANS REACTOR, CYCLOTRON 
Michigan State University has asked the state legislature 
for $2-million to fund a research reactor and $1-million 
to build a heavy particle cyclotron. The cyclotron, 
with practical priority over the reactor project, is 
scheduled for a construction start this year. It is a 
two-stage project designed to accelerate heavy 

and protons initially, and particles up to the weight of 
argon eventually (40-50-Mev). 


MARTIN WINS SPERT-2 FUEL CONTRACT 

The Martin Co. won over six other firms in bidding 
to fabricate 30 uranium-aluminum control-rod sections, 
68 fuel assemblies and 750 fuel plates for AEC’s power 
excursion test reactor (SPERT-2) at Idaho. Martin’s 
low bid calls for ten 17-plate control rod sections at 
$486.72 each; ten 8-plate sections at $350.30; ten 5-plate 
sections at $299.20; 68 fuel assemblies at $473.42; and 
750 fuel plates at $10.20 each. Other bidders were 
Clevite, D. E. M ce, General Electric, M&C 
Nuclear, Sylvania, Westinghouse. Low bid total 
was $51,204.76. 





World News 


Compulsory Insurance in Britain 


A bill now being prepared for Parliament would re- 
quire compulsory inspection and insurance of all British 
reactors. All reactor owners would have to be licensed 
by the government and be able to pay compensation up 
to 2£5-million ($14-million) for any one incident—a 
figure held by the government to be “much more than 
adequate” to cover any foreseeable risk per incident. 
British insurance companies have told the government 
they are ready to give this amount of —— ‘ 
Commons was told. So far there is only one privately- 
owned reactor in Britain, the “Merlin” swimming-pool 
being built by Associated Electrical Industries at its 
Aldermaston research center; the big power stations are 
all owned and operated either by the Atomic Energy 
Authority or the nationalized electricity boards. 





Insurance Pool in France 


100 insurance firms—80 French and 20 foreign—have 
consolidated to cover nuclear accidents in France. The 
group, officially called “The Pool,” has organized a 
system of mutual reinsurance or risk-dispersion. Maxi- 
mum coverage offered is slightly more than $4-million. 
Main type of policy now issued is on use of radioisotopes 
in hospitals and research labs. 





Europe-wide Liability Code Studies 


Common European regulations on third party liability 
in the nuclear field are under study by a new experts’ 
group set up by the Organization for E n Eco- 
nomic Cooperation. Results may be embodied in an 
international convention harmonizing atomic insurance 
legislation in the 17 OEEC countries. 





RWE Still Seeking Plant Bids 


Offers for building a 250-Mw(e) power reactor are 
expected by April, Director Heinrich Schéller told the 
annual stockholders’ meeting of RWE, West Germany's 
biggest utility. RWE had earlier arranged purchase 
of an AMF Atomics—Mitchell Engineering 15 Mw(e) 
boiling reactor, but the deal fell through together with 
AMF’s negotiations for a similar reactor at Elk River, 
Minn. (NU, Nov. ’57, 19; Feb. ’58, 21.) Schéller said 
RWE has been negotiating since last June with four 
British firms for a big gas-cooled reactor, whose cost 
might run $72-95-million. However if the supplier 
cannot guarantee operating cost competitive with an 
equivalent coal plant—a guarantee RWE doubts it will 
et—the utility plans to build a 10—-15-Mw(e) reactor 
for $7-9.5-million, to gain experience. 





Agreement on Sweden’s R4 Signed 


An agreement for collaboration in building the R4 re- 
actor, to power the Swedish State Power Board’s “Eve” 
nuclear central station, has been signed between the 
joint government-industry atomic development company 
Atomenerg, the electrical equipment manufacturer ASEA, 
and Nydqvist & Holm (NU, Dec. ’57, 23). First 
step be for the three to set up a working group to 
study suitable reactor types. The plant, Sweden’s first 
large-scale A-power plant, is to be completed by 1964. 
It will be built underground, probably in a mountain on 
Lake Unden in west-central Sweden. 





Cole Fills Top Agency Posts 
Four deputy directors-general and 11 division directors 
of the International Atomic Energy Agency were named 
by Director General W. Sterling Cole in Vienna last 
month. Sworn in as his chiefs of staff were Paul R. 
Jolles of Switzerland, until recently executive secretary of 
the Agency’s Preparatory Commission, as head of Ad- 
ministration, Secretariat and External Liaison depart- 
ment; Hubert de Laboulaye of France as head of Tech- 
nical Operations dept.; V. V. Migulin of Russia as head 
of Training and Information dept.; and Henry Seligman 
of Britain as head of Research and Isotopes dept. 
Andrey I. Galagan of Russia was named Agency repre- 
sentative to the United Nations, and the following take 
over as directors of the Agency’s operating divisions: 

Mario E. G. Bancora, Argentina, Technical Supplies ‘ 

John E. Cummins, Australia, Scientific & Technical Information 

David Fischer, South Africa, External Liaison 

Yoshio Fujioka, Japan, Isotopes 

U. L. Gaswami, India, Economic & Technical Assistance 

Karol Kraczkiewicz, Poland, Personnel 

i _o Costa Ribeiro, Brazil, Exchange & Training of 

ien 

Antonio Rostagni, Italy, Research, Research Contracts & Labs 

Josef Snizek, Czechoslovakia, Reactors 

Donald G. Sullivan, U. S., General Services 

G. W. Campbell Tait, Canada, Health, Safety & Waste Disposal 
At a meeting of the Agency Board of Governors, U. S. 
delegate Robert McKinney announced a U. S. offer to 
make available cost-free 120 fellowships to students 
chosen by the Agency for study in the U. S., plus half 
the $250,000 Agency Fellowship Fund, and the services 
of 20-30 expert consultants. 





Eurochemic Founders Prepare Building Start 


Preparations for construction of a European chemical 
reprocessing plant begun at Belgium’s nuclear center 
at Mol. The $12-million plant is being built by Euro- 
cheimic, a twelve-nation company set up under sponsor- 
ship of the Organization for European Economic Co- 
operation (NU, Jan. ’58, 22). 





Australia’s First Reactor Critical 


First low-power tests have been completed on HIFAR 
(High-Flux Australian Reactor), the first reactor Down 
Under, at Lucas Heights near Sydney (NU, Oct. ’56, 
R7). 


Research Center for Pisa University 


Work will start this summer on a nuclear research center 
at San Piero a Grado, 4 mi SW of Pisa. To be built 
by the Univ. of Pisa, the Livorno naval academy, and 
other scientific groups, the center will have a 12-15-Mw 
pool-type materials testing reactor. Meanwhile the first 
two shipments of parts have arrived on site at Ispra for 
Italy’s rst anced reactor. 








A-Ship Advance in Norway 





An association for joint financing of nuclear ship re- 
search has been founded by 19 Norwegian shipping 
companies. It signed a contract with the Norwegian 
Atomic Institute for a 2-yr, 1-million Kr. ($193,000) /yr, 
research program designed to develop nuclear merchant 
ship propulsion (NU, Nov. ’57, 87). 


South African U-Exports Still Rising 


The value of South Africa’s exports of atomic materials 
—mostly uranium—during the 11 months of 1957 is 
announced at just over £2 46-million ($128.8-million), an 
increase of $32.2-million over the same period in 1956. 
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Iron Curtain Notes 


Civilian nuclear submarines can’ be used for a broad 
range of peaceful purposes, according to Soviet scientists 
aa! per eset including : research; 
penetration into the central Arctic an ic under 
ice; pe ots 3) tr rtation; year-round communica- 
tions along the North Sea route; fishing and whaling; 
cable-laying; rescue work... . 140-million rubles 
(~$35-million) have been allocated by the Kremlin for 
a nuclear research center in Alma Ata, capital of the 
Kazakh S.S.R. A powerful research reactor, cyclotron, 
and 15 laboratories in as many fields will be provided 
at the center, to be commissioned in 1960. Part of an 
evident effort to devel d harness—the Soviet 
Union’s minorities, announcement of the Kazakhstan 
nuclear center follows others recently decreed for 
Uzbekistan (NU, Oct. 56, R8) and Georgia (Sept. 57, 
31). . . . The Nuclear Physics Institute of the Czecho- 
slovak Academy of Sciences has developed a reactor 
for use with heating plants in large towns. Design 
problems are also under attack for the first atomic power 
station, to be built in Slovakia . . . Poland and Russia 
signed an agreement in Moscow whereby the Soviet will 
aid the Poles in designing and building their second 
research and first power reactors. Aid will also be 
furnished on prospecting, mining and processing Polish 
uranium (NU, Nov. ’57, 26); Polish U reserves were 
recently stated to be 300% greater than previously be- 


lieved. 





Power Station for India Nearer 


According to Indian Minister for Planning Gulzarilal 
Nanda, the Planning Commission finally has agreed that 
India’s AEC set up a 140-Mw(e) nuclear power station, 
probably in Bombay state. IAEC is to have 
located a suitable site for India’s long-discussed first 
A-power plant near Ahmedabad, India’s textile center 
on the edge of the Raj desert and 1,500 mi from 
the nearest coalfields (NU, Feb. 56, 15; May 56, 142). 





News in Brief 


AEC Sponsors Research on Glass-Fiber Fuel 

Rensselaer Polytechnic Institute has been ted $191,- 
000 by AEC for further research by Paul Harteck and 
Seymour Dondes on the feasibility of using glass fibers 
containing uranium oxide as reactor fuel. The new 
fuel material first revealed in Nucteonics (NU, Aug. 
’57, 94), holds promise for high-temperature operation. 


High Voltage Acquires Electronized Chemicals 

A controlling interest in Electronized Chemicals Corp. 
of New York has been acquired by High Voltage En- 
gineering Corp. The new subsidiary has been a pioneer 
in electron-processing research for over a decade. 


Nuclear Engineering Dept. at MIT 

Massachusetts Institute of Technology, a pioneer in 
atomic energy teaching, is establishing a ent of 
Nuclear Engineering under Manson Benedict. MIT 
has been offering nuclear engineering courses since 1952, 
in the Chemical Engineering t. The cur- 
riculum will include fusion. MIT is completing a $2.64- 
million high-flux tank-type research reactor, a heavy- 
water-moderated CP-S type. 
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Holland: A Submarine, a Resignation 
The Netherlands Minister of Defense has set up a work- 
epee to eter sc 1900. PJ. M. 





to enter service in 1960. . . Prof. J. M. W. 

managing director of the Netherlands Reactor 

Clontes, Si SananeD es Soeueaenn bese So SennSee 
s of 


leveled a: the Center’ — lately. The 
Coster taal af Sieeuiiea ti aemabociag move. 
Power Division at A.E. of Canada 


Atomic of Canada Ltd. is setting up a Nuclear 
Power Plant division, to be ible for both NPD, 
the 20-Mw(e) Nuclear Power Demonstration reactor, 
and the development for a 200-Mw(e) scale-up. 





The division will be located in Toronto because of 
proximity to manufacturing facilities and a of 
office space at Chalk River, headquarters of A.E.C.L. 
Heading the new unit will be H. A. Smith, assistant 
general manager for engineering at Hydro Electric Power 
Commission of Ontario but on loan to A-E.C.L. for the 
past four years as chief of Nuclear Power branch at 
Chalk River. 


Uranium Finds in Mideast 

Iraq, E and Sudan have all made discoveries of 
uranium » government sources in the three 
countries report. 

Finland Plans U-Export 

Finland has “important” resources of uranium and may 
be exporting it by this summer. omnes Sage vi 
Director Aarne Hollmen of Atomienergia Inc., a m 
development: firm founded by Finnish paper and 
tric power ies, samples taken in one area 
a depth of 30 ft show 4-10% U content in ore. 
Atomienergia intends to build a mill for uranium oxide, 
to be in production by end of 1959. The oxide would 
be exported. in exchange for enriched U and nuclear 
plant machinery. 








Metal & Controls Set A-Sales Record 

Record sales of $36-million were made in 1957 (as 
compared with $33.8-million in 1956) by Metals & Con- 
trols Corp., riding on Navy demands for nuclear fuel. 
The gains were chalked up in the face of declines in the 
company’s appliance, automotive, aircraft and jewelry 
orders which caused a drop in net income from $2.4- to 
$1.5-million. Improved return in 1958 was forecast 
by President Carroll L. Wilson, who explained that 
nuclear work for the Navy in 1957 was “almost entirely 
on a cost-plus-fixed-fee basis,” while a large part of in- 
creased nuclear fuel volume in 1958 is expected to be 
at a fixed price. 


AEC Orders Texas Isotope Work Halted 

Radiation Products Co. of Dallas has been ordered to 
cease all operations involving radioactive material, pend- 
ing a public hearing on possible suspension or revocation 
of its license. The firm, licensed to up to 10 
curies of cobalt-60 and 15 of cesium-137 for enca’ - 
tion and distribution to licensed users, sy: Seem gee 
having transferred at least two Co” sources of one curie 
each to non-licensed persons. 
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AEC Seeks Tanker BWR, 
Second Core for Savannah 

AEC has asked bids on a design 
engineering study on a boiling water 
reactor system to power a T-5 
tanker under construction at Ingalls 
Shipbuilding Co., Pascagoula, Miss. 
It is also seeking a second, back-u 
core for the reactor of Savannah, 
the first nuclear merchant ship. 
The first core is to be built by 
Babcock & Wilcox, prime contractor 
for the ship’s propulsion plant. 
Some eight i Bide at least two, 
eminently qualified, did not, Nu- 
CLEONICS learned, because they con- 
sidered invitation information inade- 
quate and confusing. 


Schenley Enters Field, 
Buys Heavily Into RAI 
Schenley Industries Inc. entered 
the atomic field last month with 
purchase of “a substantial stock 
interest” in Radiation Applications 
Inc. Schenley is the second of the 
big four in alcoholic beverages to do 
so—National Distillers, through its 
U.S.I. Chemicals subsidiary, has 
long been active as a zirconium pro- 
ducer. Schenley had earlier diversi- 
fied into pharmaceuticals, toiletries, 
dyes and farm feeds. RAI has been 
engaged in consulting, testing, re- 
and development for AEC 
and private firms, and markets a 
cobalt irradiation unit. 


AEC Approves PAR Aid, 
Over Dissent by Graham 

The Pennsylvania Advanced Re- 
actor project bid for AEC research 
and construction aid (NU, Jan. ’58, 
26) was approved by AEC, 4-1, 
with Commissioner John S. Graham 
dissenting. In a written statement, 
Graham objected that PAR involves 
too many technical problems to be 
suitable for AEC approval at present 
—despite the fact that PAR project 
plans call for two more years of re- 
search before a decision is made 
whether or not to build the plant. 
AEC’s intention to give financial aid 
must now be approved by the Joint 
Committee. At the “202” hearings 
last month, PAR’s sponsors—Penn- 
sylvania Power & Light Co. and 
Westinghouse—reported “substantial 
and encouraging progress.” 


Don Kallman Killed 

In Auto Accident in Italy 
Donald A. Kallman, 35, nuclear 

economist and sales engineer for 

Babcock & Wilcox, was killed March 

5, together with his wife, Nancy, 

in an automobile accident in south- 


ern Italy. 
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NUCLEONICS Statistics of the Month 


Nuclear Construction Projects in Progress 
(Millions of Dollars) 


Nuclear Contracts*— 
Contracts awarded for federal projects ($10*) 
Proposed construction, privately-owned ($10*) 
Contracts awarded, private work ($10*) 
Backlog of private projects ($10°) 





Access Permitst— 
Access permits Issued 
Total access permit holders 





Isotope Uset— 
Applications for Isotope use 
Cumulative total of Isotope users 
Oak Ridge National Laboratory shipments 
Public and private export shipments 


447 
3,738 
1,189 

98 





Employmentt— 
AEC employment 6,735 
Construction and design contractors’ employment 11,286 
Total operating contractors’ employment 99,073 
Production workers 50,280 
Research and development employees 42,736 
Miscellaneous workers 6,057 


6,808 
11,692 
97,195 
50,294 
40,741 

6,160 


6,632 
15,168 
93,810 
49,996 
37,944 

5,900 





Operating Buliding Contracted 


U. S.-built Reactors}— 
Power, domestic 
Power, for export 
Power experiments and pilot plants 
Military and naval 
Research and test, domestic 
Research and test, for export 
Foreign-built Reactorst— 
Power, domestic 
Power, for export 


4 

0 
Research and test, domestic 25 1 
Research and test, for export 4 


24 


0 
7 
8 


* From Construction Daily, a McGraw-Hill periodical { From AEC f wuciszontce figures 
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New Instrument News 
Operation and Selection of 
“RCLiac” Scaler- Analyzers 


General Description 


The “RCLiac” sccler-analyzers are innovations to nuclear 
data processing. Nuclear detector pulses are processed and 
quantized in total or in spectra. 


Operation and Application 


Two basic modes of operation yield extensive applications 
in the laboratory. Gross counting, the scaler mode of opera- 
tion, affords events-per-interval-of-time or time-per-event anal- 
ysis. Time intervals or event totals may be preset. Simple 
applications in this mode of operation are: half-life determina- 
tion, pulsed reactor response, fast-neutron velocity distribution, 
and other similar studies. With the aid of an automatic sample 
changer, as many somples as there are channels can be 
counted, automatically. 


The spectrometry mode of operation allows background 
reduction, smaller tracer doses, isotope identification, complex 
spectral distribution analysis and other related analyses. 


With their inherent versatility of operation and application 
the RCLiacs are believed to be destined to become as univer- 
sally accepted in the nuclear field as the oscilliscope is in 
the electronic field. 
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Readout 


The RCLiacs have two basic readout modes, “Curve” and 
Number”. “Curve” readout plots graphically the total count 
recorded in each channel. “Number” readout displays the 
arithmetic total of counts received in each channel in decimal 
Arabic form. Both RCLiac models have switch-selected “Curve- 
Number” readout displayed on a cathode-ray tube which 
presents o photographic image for rapid and accurate record- 
ing of data for permanent reference. 








Design 


Reliability, precision and ease of operation have been 
designed into the RCLiacs. Design features which contribute 
to these parameters of operation are: 95% transistorization 
affording greater reliability and lower power requirements, 
printed circuitry throughout and modular construction afford- 
ing unique adaptions for specific situations. Yet the RCLiacs 
ere remarkably small in size and weight, actually portable. 


Selection 


Selection of your RCLiac should be based primarily on your 
facility's basic research requirements. For the modest laboro- 
tory the RCLiac-32 should be considered, while larger installa- 
tions may require the RCLiac-128. The RCLiac-128 has four 
times the range of the RCLiac-32, affording a greater energy 
range in the spectrometry mode and a greater range of opera- 
tion in the gross counting mode. 


The finest spectrometry instrument now in use is the RCL 
256-channel analyzer, the most widely accepted instrument 
for pulse-height analysis. 


Your RCL representative can offer excellent counsel and 
help you in the proper selection of the right RCLiac for you. 
Write today for more detailed information on the RCLiacs 
and a list of representatives near you. 


Introducing 


4 


transitorized multi-channel 


scaler-analyzer 


data processing systems 


One instrument that performs all operations from detection to qualitative 
or quantitative analysis. All counting and analytical operations from simple 
gross counting through scintillation spectroscopy and pulse-height analysis can 
be accurately and rapidly processed by the RCLiacs. Representative features: 


Six plug-in modules 

Super-stable H.V. supply, continuously variable from 500 to 1500 volts 
Completely transistorized linear amplifier 

Preset time from 0.1 second to several days 

Preset count from 10 to several billion 


Maximum zero drift: 3 channel per day on RCLiac-32 
1 channel per day on RCLiac-128 


Maximum input pulse rate: 50,000 pps. 

Data stored in decimal form 

One million count capacity per channel 

Readout is “live’’ during accumulation in either “curve” or “number” mode 
Instant, permanent recording of data by use of Polaroid camera 

Outputs available for strip chart recorder and digital printer. 


rN Telticll ame Altice 


See the remarkable RCLiac-32 in operation at RCL’s booth. Also see instru- 
ments representative of the complete line of nuclear instrumentation from RCL. 





Radiation 


@\ Counter 
ROL 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Laboratories, Inc. 


Radiation Counter Laboratories, Inc. Dept 138 
Nucleonics Park, Skokie, tl. 


Gentlemen, 


Please send me information on the [} RCLiac-32, [] RCLiac-128, 
(-) RCL’s 256 Channel Analyzer. 


Name 





Address. 











Paceco skills & experience 


—ready to work for you! 


Paceco has designed and built equipment for almost 
every project of the A.E.C. during the past 10 years as 
well as the first privately financed pilot plants. We 


would like to work with you! 


Paceco has supplied atomic 


projects with: 
CASK ASSEMBLIES 
COFFIN ASSEMBLIES 
CRANES, 

10 to 400 Ton Capacity 

Bridge, special handling 

Circular 

Electric Overhead 

Gantry 

Jib 

Powerhouse 
MANIPULATING DEVICES 
REACTORS (First Boiling 

Water Reactor for 

Vallecitos )* 


SHIELDS AND PLUGS, 
Stainless and Lead Filled 


AGITATORS 
AUTOCLAVES 
CHARGING MACHINES 
COLUMNS 


30 


CONDENSERS 
COOLERS 
EVAPORATORS 
EXCHANGERS, HEAT 
HEATERS, 
Special Fabricated 
HOISTS 
KETTLES 
MIXERS 
Propeller Type 
Special stainless steel 
with close tolerances 
TANKS, TOWERS 
Exchangers for remote 
handling 
PRESSURE VESSELS 
PRESSES, SPECIAL 
PRODUCT SAMPLERS 
TANKS 
Stainless steel and 
non-ferrous metals 
TOWERS 
Bubble—Vacuum 


HILAC-—Heavy Ion Linear Accelerator 
Barrel built of Copper Clad Steel by Paceco 
for Radiation Laboratory of the University 
of California. The unit is 90° long; 10° dia- 
meter. Inside circumferences of post- 
stripper was held to +0”, —%"; pre- 
stripper +'%”“, —O”. In the manifold section 
tolerance of post-stripper was held to +0”, 
—%"; pre-stripper +%”, —O”. Maximum 
out of roundness +%“ 





Paceco builds units either directly from 
buyer’s plans, or Paceco engineers work with 
the buyer at the designing stage. Experience has 
proved Paceco consultation may sharply lower 
initial cost and improve operational efficiency. 
Paceco has proven skill and experience in pro- 
ducing heavy equipment to extremely precise 
mechanical tolerances. 


We invite inquiries on your requirements. Send tor 
illustrated brochure “I” describing Paceco facilities. 


O s 
O (0) “TAILORS OF STEEL” - 

















Pacific Coast Engineering Company 
ENGINEERS* MACHINISTS + FABRICATORS 

P. O. Drawer E, Alameda, California, LAkehurst 2-6100 
PACIFIC COAST ENGINEERING CO.,, INC. 

New York 17, 51 East 42nd Street, OXford 7-1475 


REPRESENTATIVES 

Pasadena 8, California, 774 East Green Street, RYan 1-9373 
Kansas City 12, Missouri, 4706 Holly Street, Plaza 3-3737 
Houston 1, Texas, P. O. Box 1035, MOhawk 4-3504 


*pressure vessel for the Boiling Water Reactor 


located at the General Electric Vallecitos 
Atomic Laboratory near Pleasanton, Calif. 
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the GAMMACE LIL 220 


exceeding 1,000 ,000 


ROENTGENS PER HOUR 


Deliver millions of roentgens — safely 
and quickly — to your products and pro- 
cesses with the uniform radiation field 
provided in the Gammacell 220. Do it 

in your own laboratory — a specially 


shielded room is not required. 


Completely self-contained and virtually 

free of maintenance, a simple connection 

to an electrical outlet places the powerful | 
gamma radiation from kilocuries of 

cobalt 60 at your disposal. The 220 

cubic inch chamber, equipped with 

access tubes, permits irradiation not 

only of solids but also of liquids and gases 

under stationary or flow conditions. Heating 

and sensing elements can also be accommodated. 
A built-in timer assures automatic termination of a 


preset irradiation period at any time, day or night. 
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Stainless Steel Heads 


It pays to design and build equipment with this stock in mind. 


You don’t have to tie up your working capital in shell plates, 
pipe and fittings while you wait eight or ten weeks for tank 
heads. You’ll save money by using the less expensive stock 


sizes that are pressed, rather than odd sizes that must be 
spun. You also save time when you need stainless steel heads 


7 
> w for new construction or for emergency replacement. 
keep your orking capital The Carlson stock is made up of ASME and Standard 
working flanged and dished stainless steel heads. They range from 10” 


? 


O.D. through 72” O.D., in 6’ increments, %'’ through *% 
Gauge, in Types 304, 304-L, 316, and 316-L. All are fully 
> save you money annealed and pickled after forming to provide maximum 
corrosion resistance. Flanges can be machined to your speci- 
° . fications in a matter of days. 

a give you prompt delivery In addition to maintaining the country’s largest stock of 
stainless steel heads, dies are available for pressing heads in 
other grades of stainless. Special sizes can be spun when 
required. To get all the facts on this unusual Carlson service 
write, wire or phone for complete information. 


GOGARASOM Ze 
This Carlson Stainless Steel Heads File- 
Folder includes lists of Dies for press form- C toinlesd C took, Exclusively | 
ing and information on flange machining. 
THORNDALE+> PENNSYLVANIA 


District Sales Offices in Principal Cities 


| 
| 


PLATES © PLATE PRODUCTS * HEADS « RINGS «+ CIRCLES * FLANGES * FORGINGS « BARS and SHEETS (No. 1 Finish) 












THE PEACEFUL ATOM 


... takes a big step forward 


Formal Dedication of the 
Sodium Reactor Experiment 
Marks Significant Milestone 
in Nuclear Power Program 


On November 14, 1957, in a building 
high in California’s Santa Susana Moun- 
tains, a group of people witnessed a 
ceremony of great significance not only 
to America, but to mankind everywhere. 
What they saw was the official confir- 
mation of the success of the sodium 
graphite type of nuclear reactor as a 
most promising new method of increas- 
ing resources of usable power in a 
power-hungry world. 

[hey were watching the formal dedi- 
cation of the Sodium Reactor Experi- 
ment, designed and built for the Atomic 
Energy Commission by Atomics 
International. The SRE includes an 
experimental atomic power reactor, 
which achieved sustained nuclear fis- 
sion in April, 1957. In July reactor heat 
was used to generate electricity. The 
SRE has been performing as planned, 
supplying data on the practical aspects 
of designing and operating a power sta- 
tion based on the Sodium Graphite Re- 
actor. The power produced by the SRE 
is being delivered for use to the homes 
and factories of the nearby San Fer- 
nando Valley. It was the first electricity 


ever to be supplied to the American 
public by a private utility from a non- 
military nuclear reactor. 





NUCLEAR-POWERED SPARK 
thrown at the dedication of 
) Reactor Experiment — and 
from the atom surges into 


of a private utility company. 
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THe ATOM Goes To WoRK IN SOUTHERN CALIFORNIA 
In the rugged Santa Susana Mountains near Los Angeles, the Sodium Reactor 
Experiment is showing great promise as a practical source of electric power. 


Basis for Large Power Stations 
Atomics International designed the 
SRE to give a maximum output of about 
6500 electrical kilowatts. This nuclear 
power plant is now in operation as part 
of the Atomic Energy Commission’s 
program to develop efficient types of 
reactors to meet the growing worldwide 
need for power. Atomics International 
will use data from the SRE to design 
and construct large power stations like 
the 75,000 kilowatt plant planned for 
the Consumers Public Power District 
of Nebraska. 

The Southern California Edison Com- 
pany cooperated with Atomics Interna- 
tional by providing a generating plant 
to turn the nuclear reactor heat energy 
into electricity and by distributing the 
power to its customers. 


Other Achievements by Al 


Another nuclear power approach being 
conducted by Atomics International for 


DIVISION OF 





ATOMICS INTERNATIONAL 


AMERICAN 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


NORTH 


the Atomic Energy Commission is the 
Organic Moderated Reactor Experi- 
ment in Idaho, which has been operat- 
ing since last September. This project 
will provide technical information for 
the construction of two 12,500 kw 
power stations—one in Piqua, Ohio; the 
other in a Latin American country. Al 
recently completed a study for the 
AEC’s Maritime Reactors Branch 
which indicated that the OMR has tech- 
nical and economic promise as a power 
plant for atomic supertankers and mer- 
chant ships. 

Another power reactor concept, the 
Advanced Epithermal Thorium Reac- 
tor, is under study for the Southwest 
Atomic Energy Associates. Al research 
reactors are now operating in Japan, 
Germany, Denmark, and the United 
States. Others are being built for Italy 
and West Berlin. 

ATOMICS INTERNATIONAL, P.O. Box 
309, Canoga Park, California. Cable 
Address: ATOMICS. 






AVIATION, INC 
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Stabilized 
H.V. supply 800 kV/8 mA 


(Photo by courtesy of 
the Brookhaven 

National Laboratory, 
Upton L.I., N.Y., U.S.A.) 


Synchro-cyclotrons 
for various final 


energies 


Linear electron 


accelerators 


Cockcroft-Walton 


accelerators 


Radiation measuring 
re lalemmer-i0-lentlela) 


equipment 


PHILIPS equipment for a 


Civil defence 


Nuclear Physics and Atomic Energy [ii 


Reactor contro 


instrumentation 


This Cockcroft-Walton generator will serve as a pre-injector Geiger counter 


tubes 


for the 25 BeV Alternating Gradient Synchrotron under con- 


Radio-active 
struction at the Brookhaven National Laboratory. isotopes 


A similar installation is used at the Atomic Energy Research Air liquetiers 


Authority at Harwell, England for injection into a proton linear Generators for 
very high d.c. voltages 
accelerator, 


For further information please apply to one of the following addresses: Nucle 
7 ar 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, 
Scientific Equipment Department, Eindhoven - Holland - 
puis cvecrrica. co,  mQuipment 
Research and Control Instruments Division, Shaftesbury Avenue, London W.C. 2 
PHILIPS ELECTRONICS INC., 
Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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you can  2el 


the difference in the 
CRL system 


The “sense of feel’, the versatility, the uncompromising 
workmanship . . . all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel’’ helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


CRL 
Model 4 
for over-wall 

installation 


A general purpose 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure. 


CRL 
Model 7 


for restricted space 
installation 


A space conserving, 
light weight 
manipulator for use in 
oods or over thin 
walls where minimum 
clearances and easy 

_ portability are 
important factors. 


CRL Model 8 central research manipulators 


. - ‘ rom basic Argonne National Laboratory desi 
for thru-wall installation f . Bebe 


A general purpose manipulator for 
installations requiring intermed- 
iate to high level shielding, the 
Model 8 features write today for complete information to: 
e@ Accurate “‘sense of touch” Low 
friction forces . . . low back- 


lash . . . low inertia 
@ Greater versatility A variety of 
tools, tongs and locking motions 


mies laboratories, inc. 
@ Easier sight control Operator 

need not step back to bring Red Wing, Minnesota 

materials to barrier window Dept. 102 

Ease of relocation Can be with- 

drawn and moved by one man 

in five minutes with a light crane 
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1. Cranes and hoists For moving 


heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CRL manipulators, 


Flexible booting Protects slave 
end from dust and contamina- 
tion. Restricted gas-flow seal 
possible. Won’t interfere with 
manipulator’s natural move- 
ments, 


Special-purpose tongs For repe- 
titive or highly specialized 
operations. Wide selection of 
types to meet all requirements. 


accessories 
for master-slave 
manipulators 


Load hook Available for CRL 
Model 8; may be remotely at- 
tached or removed. Permits a 
vertical lift of 60 lbs. 


Motion locks Permit objects to 
be rigidly positioned in space. 
Locking grip standard on all 
models. Locks for all other mo- 
tions available as accessories. 

















a must for 
your files... 


free data books 
from Allegheny 


SPECIAL STEELS FOR INDUSTRY .. . 16 pages, 
jam-packed with technical information on principal 
Allegheny Ludlum products: stainless, tool and 
electrical steels and Carmet carbide materials. In- 
cludes: a stainless steel Finder chart giving analyses, 
physical data, properties, etc.; data on stainless 
fabrication; stainless corrosion resistance to various 
media; charts on electrical materials and Carmet 
carbide materials; properties and treatment for 
principal A-L tool steels. 


STAINLESS STEEL IN PRODUCT DESIGN ... 40 pages of 
ee ee useful engineering and fabricating data including practical 
; examples showing where, when, how stainless steel improves 
design, adds benefits, helps sales. Information includes 
standard sizes and shapes; designing for lower costs in form- 
ing, joining, finishing, etc. with many pictures of actual 


products made and designed in stainless steel. 


PUBLICATION LIST . . . 8-page folder that lists and describes 
all the current publications offered by Allegheny Ludlum: 9 
general publications, 14 on stainless, 10 on stainless applica- 
PUBLICATION : # tions in specific industries, 16 technical data sheets on stain- 
: less, 40 on tool steels, 20 on Carmet carbide materials, 5 on 
LIST i forgings and castings, 12 on electrical steels. There is a handy 
order form to use in getting the data you need. 


As the major producer of special alloy steels for industry, 

Allegheny Ludlum naturally offers much more than steel 

TO OBTAIN Ten strategically located plants provide prompt mill deliveries 

and stock shipments are made from warehouses in all indus- 

trial centers. Staff specialists from the mills working with the 
of the Hieratare that bs avail- { th : : . : 

e sales engineers from the sales office provide assistance when 


copies of 


requested. Whenever you have a problem involving stainless, 
high-temperature, electrical, magnetic or tool steels or sintered 
data books carbides, let us help. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 


three valuable 


shown above, 
just address 
your request 


ALLEGHENY cesten | i to ALLEGH ENY 
Soe serene 78 DEPT. NC-3 LUDLUM 


PIONEERING on the Horizons of Steel 
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Developed by Aco thermal engineers, this sine-wave tube 
configuration has pioneered atomic heat-exchanger design. 


THE NEW SHAPE OF THERMAL EXPANSION 


eat exchangers in atomic power plants are ex- 
to tremendous fluctuations in temperature. This 
of course, that unusual expansion characteristics 
be provided. ALCO engineers have answered this 
designing a unique sine-wave tube that elim- 

lates expansion joints and floating tube-sheets. 
Originally designed for America’s first atomic subma- 
ne, the Nautilus, this new concept is currently being 
applied in other ALCO heat exchangers for major nuclear 
power plants. The design itself is simple, but it safely 


absorbs thermal and shock loads through the flexing of 
the tubes’ sine-wave bends. 

This new shape of thermal expansion is typical of the 
advanced design concepts that ALCO builds into all its 
heat transfer equipment. As a leader in heat exchangers 
for the power industry, ALCO is now pioneering in the 
field of thermal engineering for the atomic industry. 

For complete information, contact your nearest ALCO 
sales office or write: ALCO Products, Inc., Dept. 133, 
Schenectady, N.Y. 


ALCO PRODUCTS, INC. 


NEW YORK 
SALES OFFICES IN PRINCIPAL CITIES 


tives - Diesel Engines - Nuclear Reactors - Heat Exchangers - Springe - Steel Pipe - Forgings - Weldments - Oil Field Equipment 





two 


best 





friends... 





“the man ahead” 
and 


“the man behind” 





That man just ahead of you hopes you'll take his job away 
from him. He's plain selfish about it .. . that way you push 
him up the ladder, too. 

The fellow right behind you, what about him? He’s another 
good friend. Just help make him more capable of capturing your 
present spot . . . see, now he’s pushing you! 

How can you serve yourself better than you ever have before? 
By upgrading your own job performance. By learning all you 
can about other functions of your company’s business. By put- 
ting today’s problems together with tomorrow’s promises .. . 
and becoming more and more knowing about both, right here 
in the high-utility pages of this one specialized publication. 

This, don’t ever forget, is your own magazine — for you and 
men like yourself to work things out together — to find new and 
better ways to make progress and profits. McGraw-Hill editors, 
who live on your street, unceasingly strive to make it the single 
greatest community of interest for your industry. And the more 
effort they put into it, the easier it is for you to get more out of 
it for every reading minute invested. 

Look ahead, read ahead, get ahead. Live this secret. Share 
it. After you’ve read this issue so satisfyingly, hand it over to 
that man one step below. Show him how much there’s in it for 
him, too. A few issues from now, we'll bet he looks you in the 
eye and says, “Thanks, friend. I just got my own subscription.” 





























McGRAW-HILL SPECIALIZED PUBLICATIONS 


The most interesting reading for the man 


most interested in moving ahead 
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radiation 1s 


low first cost 
investmer 


tenance he ope” 


ntained mobi even int 


self-co to vse 


Travels any” 
o construc 


here --* oory 


tion site 

at 
1 safe * ynd 

complete 7 ene operation 

ere 


er all conditions 


Engine 


—_ 


Wheel “Cyclops” into action like this—then walk 
away. Start exposure electrically from a remote, 
fully protected position. Come back in fifteen 
minutes and find the job done. 


Cyclops is a “natural” for radiographing 
massive castings and weldments of steel, dense 
alloys, even solid lead inches thick. 


Whatever the nature of your need for radiographic 
or fluoroscopic inspection, we probably have 

just the machine to do the job for you. 

The Picker spread of equipment spans the range 
from 10 KV x-rays (for paper-thin materials) 

to 2-3 MEV equivalent Cobalt 60 units. 


For information and advice concerning any phase 
of radiation-utilization, contact any Picker 
District office (see local ‘phone book). Or write, 
telephone or wire Picker X-Ray Corporation, 

25 South Broadway, White Plains, N. Y. 


if it has to do with radiation it has to do with 
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He “quarterbacked” L&N know-how into 
a finished control system for ETR 


This project engineer coordinated the recently 
completed L&N control system for the 175,000-kw 
(heat) Engineering Test Reactor (ETR). His 
function typifies the whole L&N concept of reactor 
control — standardized components economically 
“packaged” by men experienced in both steam 
power and nuclear control. 

Applied to the pressurized water-type ETR 
(built for the A.E.C. by Kaiser Engineers), this 
L&N control concept resulted in a skillfully inte- 
grated system — one that includes all of the reac- 
tor’s operating and safety channels. A network of 
Speedomax® monitron recorders was also supplied, 
to guard constantly against radiation hazards. 

In directing work on this system the project en- 
gineer drew on a 14-year personal working associa- 


tion with steam power instrumentation. He’d be- 
gun building his nuclear background long before 
his assignment as project engineer for the L&N 
control systems developed for the Penn State and 
University of Michigan Reactors. 

Project engineers of this calibre coordinate all L&N 
reactor control systems. To direct their experience 
to your own nuclear control problems, call your near- 
est L&N office, or write to Leeds & Northrup, 4936 
Stenton Avenue, Philadelphia 44, Penna. 


| Ni 
LEEDS IN NORTHRUP 


Instruments ii iil Automatic Controls « Furnaces 
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sa a Quality eS 
Tiarshaw-made cryst®. © 'g Highest 
pot absorbing 1 pe imum enersy 
a ht transmission. iat 


hig on 
conversion efficiency 


Harshaw Sodium lodide (Thallium) 
Scintillation Crystalis for gamma 
radiation detection instruments 


“Harshaw Quality” . . . 
inherent in each Harshaw-made crystal 


The high purity, clarity, and proper activation of 
Harshaw Crystals are a natural result of our long 
pioneering experience in the delicate art of crystal 
growing. 

Harshaw Purity means light absorbing impurities 

are reduced to infinitesimal traces. 

Harshaw Clarity gives highest possible transmission 

of the crystal’s own emitted light. 

Harshaw Activation means the optimum thallium 

concentration ensuring maximum energy conversion. 
Our crystals are normally supplied hermetically sealed 
in aluminum containers engineered to secure maximum 
light collection. We will custom design these units to 
fit your specific requirements. Harshaw crystals are 
currently used in nuclear physics research, well log- 
ging, uranium prospecting, medical research, and in- 
dustrial process and product control. 


No need to specify ‘““Harshaw Quality” . . . you get it 
automatically when you order Harshaw Crystals. We 
encourage requests for technical assistance. Prices, 
specifications, or other information will be sent in 
answer to your inquiry. 


HARSHAW 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 
Potassium lodide (Tl) * Cesium lodide (Ti) « Cesium Bromide (TI) 
Anthracene « Stilbene * Naphthalene 
Lithium lodide (Eu) for neutron detection . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET ° CLEVELAND 6, OHIO 
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Sale 


The first tire ever to be vulcanized 
by nuclear radiation is checked 
by B. F. Goodrich scientists at the 
National Reactor Testing Station in 
Idaho. The tire was encased in a 
steel mold which was then slowly 
rotated in the radiation field from 
spent reactor fuel elements. Process 
took place under 17 feet of water to 
protect technicians from radiation ex- 
posure. This is the first commercial 
product in which vulcanization, the 
basic process in the manufacture of 
tires and other rubber products, was 
achieved by using nuclear energy in- 
stead of conventional heat method 


Other uses of radiation and radio- 
active isotopes of great value to in- 


dustry today, or in the near future, are: 


Food Preservation 
Drug Sterilization 
Petroleum Cracking 
Polymerization of Plastics 
Radiography 
Thickness Gaging 
Static Elimination 
Luminous Indicators 
Atomic Batteries 
Density Gages 
Composition Gages 
Flow Measurement 
Interface Marking 
Leak Detection 
Level Gages 
Catalyst Circulation 
Chemical Analysis 
Corrosion Gages 
Oil-Well Logging 
Wear Determination 
Trace Element Determination 
Electron Printing 
Detection of Dye Migration 
Agricultural Research 
Medical Therapy 

and Research 








Courtesy the 8. F. Goodrich Company 


NUCLEONICS 
*3 BILLION 


Advertising in Nucleonics helps you two ways — 
1) it sells for you today 


2) it builds a greater share of tomorrow’s business for you in this expanding industry! 


The AEC estimates that industry today saves 
over a billion dollars a year through the use of 
radioisotopes...and a leading industry figure 
states that in the next ten years “the economic 
value of radioisotopes may be measured in the 
tens of billions of dollars!” 

That’s big business...big today (over 4,000 
organizations are using radioisotopes), and 
growing even bigger tomorrow as spent reactor 
fuel elements and more and more particle 
accelerators join radioisotopes in industry’s 
armory of radiation sources. 

All this means a new market...a big market 


NUCLEONICS 


...&€ NUCLEONICS market; selling the users of 
radiation the myriad equipments necessary to 
harness the energy of the atom for productive 
ends:equipment like particle accelerators, beta 
gages, beam deflecting magnets, radiation de- 
tectors, chemical dosimeters, nuclear reactors 
and all their accessories, etc. 

Begin now to get your share of this market. 
Call your local NUCLEONICS representative 
today. He’ll tell you all about NUCLEONICS 
magazine— the only publication listed by “Busi- 
ness Publication Rates and Data” as being de- 
voted exclusively to the nucleonics industry. 


Pe te 


A McGraw-Hill Publication, 330 West 42nd Street, New York 36, N.Y. 





CLEVELAND | HF HARD FACING, INC. 


Reliable, Wear, Corrosion 
And Heat Resistant 
Welded HARD-FACED 
Components Produced 

to Specification 


The superior physical properties of 
Cleveland Hard Facing Components assure 
dependable long life service . . . reduce 
equipment downtime and lower mainte- 
nance costs. 


Take advantage of these outstanding 
characteristics. 


@ Corrosion Resistance — Resists most cor- 
rosive acids and oxides. 


@ High Strength — Offers high compres- 
sive strength up to 256,000 psi. Good flat 
impact and high hot strength. 


@ Wear Resistance — inherent resistance to 
wear — such as erosion, abrasives and 
cavitation-erosion. 


@ Economical— Applied only to points re- 
quiring maximum protection, Hard Facing 
gives low cost protection that increases 
component life. 


Typical Hard Faced parts include rods, valves, 
rotary blades, gears, splines, shafts, pump 
shafts, pins, rings, seals and many others. 





How It Is Done 


As the cross-section drawing shows, a 1/16” of the 
original base metal is removed at all points requiring 
special wear, heat or corrosion resistant properties. 
The metal is then replaced with the selected alloy 
— usually a high cobalt-chrome-tungsten type — 
using one of the following processes — Submerged 
Arc, Heliarc, Manual or Automatic Gas Welding. 


WRITE FOR COMPLETE DETAILS 


Cleveland Hard Facing, Inc. 
3047 STILLSON AVE. © CLEVELAND 5, OHIO 
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MODEL PAC-1A MODEL PAC-3G 


AIR PROPORTIONAL ALPHA COUNTER GAS PROPORTIONAL ALPHA COUNTER 


PROBLEMS 


MODEL FM-2G MODEL SAC-1 


ALPHA FLOOR MONITOR SCINTILLATION ALPHA COUNTER 








P. O. BOX 279 INSTRUMENT Write for brochure 
SANTA FE, CORPORATION on Alpha instrumentation 


NEW MEXICO TODAY 
formerly a division of Reynolds Electrical & Engineering Co., Inc. 
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* Lift capacity of 750 pounds. * Fine control for precise manipulations * Natural controls cut operator training time. 


a * Visual-audio signals to indicate grip force. * Continuous, right or left, wrist rotation. 


THE GENERAL MILLS MECHANICAL ARM IS THE ONLY 


REMOTE-CONTROL MANIPULATOR 
TO GIVE YOU ALL THESE FEATURES* 


* Continuous rotation of entire arm. «Forearm bends 220 degrees * Swings through 180 degree arc. 


%* Holds position with hands * Simple electrical linkage permits mounting * Adaptable to telescopic and television view- * Complete line of tools, remotely 
off controls. on crane or vehicle for complete mobility ing for “limitless” reach interchangeable. 


About to buy your first remote-control _ tions without modification or adjustment 
manipulator? Thinking of installing an _ between operations. Its unusual mobility 
additional one? In either event, get the and ease of control make it even more 
facts about the General Mills Mechanical desirable for “hot lab” installations. 
Arm first. Here’s a manipulator thatcan Other exclusive features merit your in- 
handle heavy-duty or precise manipula- _ vestigation as well. 


For new bulletin, write Department N3, Mechanical Division of General Mills, 
1620 Central Avenue, Minneapolis 13, Minnesota 


General 

MECHANICAL DIVISION | Mills 
Creative Research and Developmént 
Precision Engineering and Production 








ElectroniK recorders ... with spe- 
cial scales for nuclear process 
variables, 


MegopoK thermocouple wire . . . de- 


signed for fuel element temperatures in 
nuclear installations. 


Safety amplifiers . . . one of 
eight special units for reactor 


control from 


Pressure gages . . . for 


7 re ] as r eC coolant flow, monitoring, 


and other applications. 


7 --- reactor instrumentation 
Tel-O-Sef miniature instruments for every need 


. .. for use on graphic panels or 
to save space. 








What are your instrumentation requirements—a single in- 
strument . . . a packaged nuclear reactor control system? You 
can place undivided responsibility with Honeywell for every- 
thing from initial specifications to complete installation and 
startup. 


From this one source, the world’s largest instrument manu- 
facturer, you also receive expert engineering assistance in 
application and maintenance . . . and prompt, efficient service 
from a branch office near you. 





Your local Honeywell sales engineer will be glad to help you 
select the reactor instrumentation you need. Call him today 
... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Cot iw Coutrols 
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Three-mode controllers ... 
to reactor characteristics. 








scientists and engineers 


NUCLEAR CAREERS NOW 


in worldwide reactor program 


Openings at all experience levels 


Reactor shielding: Advanced studies and analysis. 
Reactor core: Analysis, nuclear and reactor core. 
Systems analysis: Including engineering direction on reactor plant design — 
i as : heat transfer, thermal stress, fluid flow, etc. 
ANALYTICAL Heat transfer: Direct analysis studies—reactor systems, dynamics and ther- 
modynamics of fluid flow. 
Openings also in preliminary analysis, reactor operations, stress analysis, 
and integrated areas. Degree essential. Experience as required. 
Metallurgists: R. & D. on nuclear fuel materials, including radiation effects, 
evaluation of uranium and thorium alloy, ceramics. Also for mechanical 
fabrication development for these materials. 
Engineers— ME & ChemE: For development of power reactor components. 
DEVELOPMENTAL Devise experiments, perform tests, prepare reports. Stimulating problems 
in fluid dynamics, heat transfer, full scale and model studies of fluid system 
components, remotely operated handling equipment, etc. 
Other openings with nuclear experience preferred but not essential. Degree 
and applicable experience required. 


Control mechanisms: Senior openings, original design—including control 
rods, safety rods, drives, allied tooling. Also mechanical design (light and 
heavy) and general machine design. 

Electrical: Originate and develop major control and power systems and 
com ponents, 

Process systems & equipment: Prepare layouts and specs.— pumps, heat 
transfer equipment. 

DESIGN Process instrumentation: Reactor, auxiliary, and control systems. 
Facilities— mechanical systems: Original design — heating, ventilating, spe- 
cial atmospheric controls for pressure regulation, cleaning, etc. Assist on 
mechanical design, special handling systems, etc. 

Machine design: Heavy mechanical. Original test equipment for nuclear 
experiments —lead-shielded casks, remote handling cranes, etc. Machine 
design experience essential. 

Reactor core components: Design moderator cans, fuel elements, critical 
assemblies, grid plates, core supporting structures. 


Other opportunities in : 
Theoretical, Experimental, Solid State Physics, High Temperature 
Physical Chemistry, Health Physics, Materials Research. 


New programs add to years-ahead backlog 


Atomics International has built and is operating two power reactors—the Sodium Reactor 
Experiment and the Organic Moderated Reactor Experiment. Central station power plants 
based on these reactor concepts are in the planning stages right now. In addition, AI has 
just begun an advanced power reactor study for Southwest Atomic Energy Associates, a 
group of 15 investor-owned utility companies. 
AI is expanding overseas operations. With 5 foreign reactors already in operation or 
being built, AI recently signed agreements with ASEA of Sweden, which has offices in 
50 countries, and DEMAG of West Germany, with whom AI formed the new company, 
INTERATOM, in Duisburg, West Germany. 
Write today for more details ahout exciting career opportunities at AI. 

Mr. C. C. Newton, Personnel Office, Atomics International 


21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


G4f> ATOMICS INTERNATIONAL 


Saeee NORTH ERICAN AVIAT 
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Westinghouse NEUTRON DETECTORS 
set the industry standard 


WL-6377 Compensated lon Chamber: 
Electrical compensation—guard ring 
design. All-magnesium construction—B"” 
coated electrodes. Thermal neutron 
sensitivity: 4.0 x 10° amps/nv. Gamma 
sensitivity: 3.0 x 10°" amps/R/hour. 
Operating thermal neutron flux range: 

2.5 x 10* to 2.5 x 10° nv. Passes Bu Ships 
40T9 for vibration and MIL-S-901 for 
shock. 


WL-6307 BF, Proportional Counter: 
All-aluminum body—enriched BF, filled 
Thermal neutron sensitivity: 
4.5 counts /neutron/cm? 
Operating range: 0.25 to 2.5 x 10* nv 
Passes MIL-STD-167 (Type 1) for 
vibration and MIL-S-901 for shock 


Thanks to its wide experience in Atomic Energy, Westing- 
house leads in the Neutron Detector field. Westinghouse 


makes a complete line of Neutron 


instrumentation of reactors and critical assemblies. Produc- 
tion quantities are available. For complete technical data, 
mail the coupon today. SAMPLE ORDERS INVITED! 


YOU CAN BE SURE...IF ITS 


Westinghouse 


Electronic Tube Division, 
Vol. 16, No. 3 - March, 1958 


WL-6376 Dual-Range Fission Chamber: 
All-aluminum construction—U-235 coated 
electrodes. As a pulse counter: Thermal neutron 
sensitivity, 0.7 counts/neutron/cm*; Operating 
neutron flux range, 2.5 to 2.5 x 10° nv. As an 
uncompensated ion chamber : Thermal neutron 
sensitivity, 1.4 x 10°” amps/nv; Gamma 
sensitivity, 4.2 x 10° amps/R/hour; Operating 
range, 5 x 10° to 1 x 10'°nv. Passes MIL-STD-167 
(Type 1) for vibration and MIL-S-901 for shock. 


WL-6998 BF, Proportional Counter: 
All-aluminum body—enriched BF, filled 
Thermal neutron sensitivity: 
13 counts /neutron/cm* 
Operating range: 8 x 10% to 8 x 10° nv 
Passes MIL-STD-167 (Type 1) for 
vibration 


Detectors for nuclear 


COMMERCIAL ENGINEERING DEPT. 
WESTINGHOUSE 

P. O. Box 284, Elmira, N. Y. 

Please send me full information on Westinghouse Neu- 


WL-6337 Uncompensated fon Chamber: 
Guard ring design. All-aluminum 
construction—B”™ coated electrodes. 
Thermal neutron sensitivity: 4.4 x 10°* 
amps/nv. Gamma sensitivity: 5.0 x 10 
amps/R/hour. Operating range: 2.5 

x 10* to 2.5 x 10*°nv. Passes 
MIL-STD-167 (Type 1) for vibration 
and MIL-S-901 for shock. 


WL-6938 High Sensitivity Proportional 

Counter: Contains four elements similar 
to WL-6998 in polyethylene moderator. 
Aluminum body 

Thermal and intermediate neutron 
sensitivity: 45 counts /neutron/cm* 

Operating range: 2.2 x 10°* to 2.2 x 10° nv 


Soe oe ee 2 CLIP AND MAIL COUPON BE GE eg 


ELECTRIC CORPORATION 














Elmira, N. Y. 
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There’s plenty of room at the top 


..- but there’s lots more room 


at the bottom 


Look around you. How many men do you see 
at about your job level and income? Know them 
pretty well, don’t you? Are they smarter than you 
are? Do they work any harder? Do they possess 
some “something” that you don’t have? 

No, of course they don’t. And yet, five years from 
now, some few of you are going to be lots closer 
to the top of your company. There’s lots of room 
up there — management needs able-brains as never 
before. But, warning! There’s still lots more room 
at the bottom! 

Is there a shorter, surer route to that better job, 
that bigger paycheck, that pride of achievement? 
There is, but it’s no Easy Street. You still have to 
supply the energy and effort. How? By digging in 
zealously with a more intensive, regular reading of 
the magazine you're holding in your hand right 
now. Look ahead, read ahead, get ahead. 

McGraw-Hill editors write it exclusively for you. 
Nobody else. It’s all about you and your job and 
your problems. Nothing else. News, fact, trends — 
today’s tasks and tomorrow’s opportunities. As in- 
spiring as it is informative. Reads lively. Keeps you 
on your toes. Makes important people notice you. 
What’s more — you'll enjoy it. . . for it’s just about 
as personal as any publication could ever hope to be. 


McGRAW-HILL SPECIALIZED PUBLICATIONS 


The most interesting reading for the man 


most interested in moving ahead 
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is ALITE your answer 


to a tough design problem? 


For detailed information 
on how Alite can meet 
your design needs, write 
for Bulletins A-7R and 
A-20 today. 
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Some of the many shapes into which ALITE has 
been formed to solve difficult design and production 
problems for a wide range of products. 


ALITE—the high-alumina ceramic developed by U. S. Stoneware—has superior 
properties which make it ideal for many highly critical applications. And 

it could well be that Alite is that “special material” you've been seeking to 
meet a particularly difficult design requirement. 


Among the outstanding characteristics of Alite are its extreme hardness, high 
mechanical strength, vacuum tightness, zero water absorption, excellent 
resistance to abrasion, corrosion and nuclear radiation. The high temperature 
stability of Alite enables it to retain these properties at elevated temperatures 
(1300°C., to 1600°C. range). We can form Alite to virtually any shape, 

finish it to precision tolerances, metalize and braze it to metal components to 
produce high strength, hermetic Alite-to-metal seals. Pump pistons, sleeves, 
slide valves, seals, bearings and bushings are just a few possible 

mechanical applications for this versatile material. Alite’s low dielectric loss 
characteristics are utilized in many electronic applications. 


If your specifications call for a material with any of the properties Alite 
possesses, it may pay you to have our ceramics specialists study your 
requirements. Send us your drawings for our recommendations or quotation. 
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Alloy Steel Products Company 


sets up new Division to specialize in 


NUCLEAR VALVES 


Complete separate facilities provide prime source of supply for expanding nuclear industry 


With over 29 years of specialized expe- 
rience as a leading producer of high 
alloy valves for the process and related 
industries, it was natural for Alloy Steel 
Products Co. to be called upon to help 
with the valve problems of the new and 
progressive nuclear industry. Alloy 
Steel Products Co. has contributed to 
the development and production of vari- 
ous types of valves for critical applica- 
tions in nuclear reactor plants. 

With the need for nuclear valves in- 
creasing so rapidly, Alloy Steel Prod- 
ucts Co. recognized that the only right 
way to serve the nuclear industry was 
to set up a complete and separate Nu- 
clear Division with extensive facilities 
for design, engineering, manufacturing, 
testing, and sale of the special types of 
valves required. Today, with a com- 
pletely new plant, an engineering staff 
selected for technical background and 
experience in the nuclear field, and some 
of its nuclear valves actually in produc- 
tion, the Nuclear Division is an accom- 
plished fact. 

The new facilities are equipped with 


the finest, most modern machinery. A 
hot test loop with circulating demin- 
eralized water which duplicates produc- 
tion pressures and temperatures up to 


2500 psi and 650° F will be available for 


engineering and production tests. Fa- 
cilities are provided for cleaning valves 
and castings to nuclear cleanliness 
standards. 

The Aloyco Nuclear Division is de- 
signed to produce low pressure valves 
up to the 24-inch size, and high pressure 
valves up to the 18-inch size. Aloyco 
Nuclear valves are designed for practi- 
cally any type of radioactive piping sys- 
tem. These include power and research 
reactor coolant systems, fuel processing 
systems, and waste disposal systems. 
The Nuclear Division 
know how and its nuclear facilities to 
improve the state of the art while sup- 
plying the industry’s valve needs. 


will apply its 


NOW IN PRODUCTION... Already 
certain nuclear valve lines are well be- 
yond the design stage. Two complete 
lines of bellows sealed valves designed 


for highly radioactive, toxic, or explo- 
sive fluids are now in production. The 
Nuclear Division is prepared to quote on: 


* Main coolant system check valves 

¢ hydraulically or electrically oper- 
ated main coolant system stop valves 

* bellows sealed valves for highly 
radioactive, toxic or explosive fluids 

* low pressure valves for demineral- 
ized high purity water service 

* high pressure “capped” valves for 

throttling, isolation, drain, and in- 

strument lines 

manually operated gate and globe 

valves for a myriad of auxiliary high 

pressure and temperature services 


The Nuclear Division of Alloy Steel 
Products Co. invites your inquiries on 
the above listed and other valves for 
nuclear application. The 
services of the division are available to 
you for consultation on your nuclear 
valve problems. Write us at 1321 West 
Elizabeth Ave., Linden, N. J. 8.4 


engineering 


(Roemer ce cwcmewweeewesewcsccccesecsceecseceess 


FACTS ABOUT ALLOY STEEL PRODUCTS CO. 


Although the reputation of Aloyco Valves is well known 
in the process industries, here are a few words about the 
Company for nuclear engineers. 

Two facts make Alloy Steel Products’ entry into the 
nuclear valve field a logical forward step. First, we have 
specialized for 29 years in one thing only—the design and 
manufacture of stainless steel and high alloy valves. We 
are the only company that does so. We built our own inte- 
grated foundry to produce a single product—pressure 


NUCLEAR Ow! 


Linden, New Jersey 


tight, mechanically sound stainless steel valve castings. 

The same principle of putting quality first is evident in 
our design, engineering, machinery, control procedures 
and even our sales approach. Aloyco Sales Engineers han- 
dle one line only, know their business, and are equipped 
to be of real service to our customers. 

This is a company that was built and has gone forward 
on the quality of its products. This is the second fact that 
makes our entry into the nuclear field, with its exacting 
requirements, so logical and inevitable. You can depend 
on the extremely high quality of Aloyco nuclear valves. 


ny es’ 
Sorrnosive ** 
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NEW CHALK RIVER 


FUEL ELEMENT 


IS BUILT 


TO LAST LONGER! 


SYLCOR fuel element for the new Chalk River MTR reactor is made 
of 93% enriched uranium-aluminum alloy clad in aluminum, 

Each of ten plates contains 14 grams of U255—a total 

charge of 140 grams in each standard element. 


S) ww fuel burn-up made long life a 
major consideration in the design and 
fabrication of the fuel elements for the 
new Materials Testing Reactor recently 
built by Atomic Energy of Canada at 
Chalk River, Ontario. 


It was estimated that the elements 
would not have to be replaced for a 
long time if they were precision- 
fabricated to withstand the heat and 

sion factors within the reactor. 
meet these requirements SYLCOR 

i sts and engineers developed new 
echniques of fabrication that fulfilled 
the rigid specifications of manufacture 


necessary to give the fuel elements long 
lif 


; 


r 


The 10 fuel plates of each 3-foot 


are joined to their side plates 
precision brazing techniques, 


element 


by new 


Visit SYLCOR Booth No. 
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giving the element greater over-all uni- 
form strength. The end adapter for each 
SYLCOR fuel element was machined 
from aluminum bar stock to give greater 
structural integrity than could be 
attained from conventional sand-casting 
methods. Exacting methods of manu- 
facture were employed to keep certain 
tolerances as close as + .001 of an inch. 

The recent delivery of the Chalk 
River order of SYLCOR fuel elements 
marked the first foreign shipment of 


oY: 


SYLVANIA— 


highly enriched fuel elements—a major 
step in the program of international co- 
operation among the world’s peaceful 
nations to explore and utilize the limit- 
less commercial uses of the atom. 

Our combined scientific, engineering 
and technical staff will be glad to help 
you solve any problems you may have 
in the application of nuclear fuel— 
whether immediate or in the planning 
stage. For information write: Sylvania- 
Corning Nuclear Corp., Bayside, N. Y. 


OR 


CORNING 
NUCLEAR CORP. 


106 at the Atomfair, March 17-21 





An all-inclusive reference work, presenting the basic 
physical data so frequently called upon in scientific, 
engineering, and research endeavors. 





% One giant source of 
information 


tow # «ix | American Institute of 


contributors 


rove | Physics Handbook 


8 big sections 








Dwight E. GRAY, Coordinating Editor 


N preparing this Handbook, the American __ tions you want on such matters as heat, 
Institute of Physics has come up with an »ptics, nuclear physics, etc. Text matter is 
all-inclusive reference work. Just like the held to the minimum necessary to make the 
comprehensive handbooks familiar in other tabular information understandable and 
professional areas, it offers you similar fast, _ useful. 
reliable, wide-range reference—on ail field : y 
of physics. Each section is the work of a number of 
specialists in the field who have taken into 
Now you can save yourself hours of consideration the many recent discoveries 
searching through scattered reference works and advances, selecting and compiling for 
for the fact or formula you need to apply your immediate use the most generally 
physical methods in your work. The book helpful data available today. Over 1500 
is packed with the tables, graphs, andequa- pages, $15.00 


| 


Other Books Important to Modern Physicists 


NUCLEAR PHYSICS MESON PHYSICS 


Here is a systematic, comprehensive study of the properties of This addition to The International Series in Pure and Applied 


atomic nuclei and related phenomena. The book outlines the Physics is a record of the indisputable facts concerning pi, mu, 
field in detail, covers the known facts, and shows what areas are and heavy mesons established since the discovery of the meson 
still imperfectly understood. The material ranges from a back- in 1947. It is the first attempt to assemble and organize the 


ground description of basic phenomena in the field, accelerators, experimental data from both artificially produced mesons and 


dy 
TI 
j 


radioactivity, nuclear reactions, and quantum mechanics, tonu- cosmic ray investigations and integrate this data within the 
clear decay and nuclear forces. By Alex E. S. Green,Florida framework of modern meson theory. By Robert E. Marshak, 
State University. 535 pages, 218 illustrations, $9.00 University of Rochester. 378 pages, illustrated, $8.25. 


ENGINEERING MATERIALS MODERN PHYSICS 
HANDBOOK FOR THE ENGINEER 


Gives answers to both routine and specialized questions re Nineteen eminent scientists explore with you the basic physical 
garding the choice of engineering materials. Technical tables, 
design information, structural characteristics, and tabular 
data—a wealth of useful and specific facts—are made quickly 
available. A staff of 150 specialists cover metals, organic 
materials, and inorganic materials from the viewpoint of “pure” sciences. Three broadly-defined sections of the book 
engineering structures, machinery, and equipment. Edited cover the laws of nature, the world we live in, and the communi- 
by Charles L. Mantell, Newark College of Engineering. cation of information. Edited by L. N. Ridenour, Lockheed 
1906 pages, 648 illustrations, $21.50. Aircraft Corp. 490 pages, 211 illustrations, $8.00 
Pn nn en a a a a a a 
| McGraw-Hill Book Co. Dept FNU3, 327 W. 41st St. New York 36 


Send me book(s) checked below for 10 days’ examination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same return privilege.) 


sciences on which our engineering society is built. Written 
especially for the engineer, the book shows the interesting 


developments, achievements, and methods used in the various 
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SEE 
ANY BOOK 
10 DAYS 
FREE 
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_| American Institute of Physics ([) Marshak—Meson Physics, $8.25 
Handbook, $15.00 C) Mantell—Eng’g Materials Handb’k, $21.50 
_] Green—Nuclear Physics, $9.00 (J Ridenour—Modern Physics, $8.00 


Puan tn te 


| 


Name 

Address 

City and Zone.. State 
Position Company . 
For price and terms outside U.S., write McGraw-Hill Int’l. N.Y.C. FNU-3 |] 
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Two New /MC Spectrometers 


combining e Precise Operation 
e Moderate Cost e ‘’Add-on” Flexibility 








These newest TMC instruments —the Model S-11 Scanning and Recording 
Spectrometer and the S-12 Manual Spectrometer Assembly — incorporate 
all the design features and quality components necessary for accurate, 
stable operation, reliability, and versatility. They are the ideal choice for 
schools, smaller laboratories and other applications where flexibility is a 
major requirement. Both are housed in rugged, standard width mobile 


cabinets, with ample space for future addition of other units. 


Individual, basic units used in both Spectrometers include the Model til 
Preamplifier, Model PA-2A combination Linear Amplifier and Single- 
Channel Analyzer, and Model HV-4A Ultra-Stable Power Supply. In addi- 
tion, the S-11 has a strip-chart recording system and a RM-1B Rate Meter. 


PRIMARY FEATURES — MODEL S-11 


@ Conti se ing between base line settings of 0 to 100 
volts with 0.1% linearity (span represented by 18 inches of 
poper travel). 











Scanning speed range 7.5'‘— 240"/hour (complete scan 21 
hours to 5 minutes). Sc ing speed can be instantly changed. 





Display size unchanged by change in scanning speed — greatly 
simplifying data comparison. 

Non-overlocding Linear Amplifier and Window Amplifier type 
Single-Channel Analyzer. 

Counts per minute (full scale): 300 —1,000 — 3,000 —10,000 — 
30,000 — 100,000. 

Selection of probable error—1%, 3%, 10%. 


Pre-charged+ capacitors in time constant network minimize 
transients when switching probable error range. 


Forced filtered air cooling for increased stability and reliability. 


The Model S-12 Manual Spectrometer is the most economical 
TMC Spectrometer. This basic laboratory instrument utilizes (in 
addition to the preamplifier, amplifier-analyzer and power supply 
mentioned above) and SG-3A scaler which features a resolving 
time of 2.5 us. precision mechanical register and a scale of 1000 
Model $-12 using three plug-in etch: wired decade units. These features allow 
$2300 i a counting rate of 240,000 CPM with less than 1% coincidence 
f.0.b. New Haven loss. Extra space permits adding the necessary units for future con- 
version to a Model S-11, or to a Model S-13 Dual Peak Spectrometer. 


TMC accessories available for use with the “S” series spectrometers 
include Scintillation Detectors, Sodium Iodide Crystals, Lead Shields 
Model S-11 § tithes : and SG-series scalers. 
$3900 fe 


f.0.b. New Haven 


Write for detoiled informotion concerning the new TMC 
spectrometers, or the new catalog “C”’ which includes dota 
on oll individuel units ond accessories. 
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Ground breaking equipment is busily engaged in the 
construction of Argonne’s new Experimental Breeder 
Reactor II near Idaho Falls, Idaho, with Graver as 
General Contractor. Scheduled for completion in 1958, 
EBR II will be housed in a giant pressure vessel 139’ 
high by 80’ wide fabricated by Graver from 1” carbon 
steel. A 200,000 gallon water tank, also fabricated by 
Graver, is an integral part of the structure. 





FABRICATORS, ERECTORS 
AND GENERAL CONTRACTOR 





EBR II...Going Up Soon! 


Graver fabrication and erection experience with atomic 
energy installations goes back to the mid-thirties when 
the first experiments with atom smashing were taxing 
the ingenuity of American scientists. Graver skills with 
steels and alloys for more than a century have been 
called upon regularly for process equipment, storage 
vessels and containment housing for atomic energy. 
It will pay to prepare for the future with Graver. 





GRAVER TANK & MFG. CO..[NC. 
EAST CHICAGO, INDIANA 

New York « Philadelphia « Edge Moor, Delaware « Pittsburgh 

Detroit » Chicago « Tulsa « Sand Springs, Oklahoma « Houston 

New Orleans «Los Angeles « Fontana, California «San Francisco 
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COMMERCIALLY 
AV AILABLE 


ADVANCED DESIGNS 
DEMAND THE 

UNIQUE PROPERTIES OF 
THIS LIGHT, 

STRONG METAL 





6 BRUSH has added a 
new, privately financed 
plant for tonnage pro- 
duction of Beryllium 
metal, eliminating 
availability problems 
and reducing product 
costs. 
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SERYLLIUM ; atvas _ BERYLLIUM METAL 
QMV | BERYLLIUM COPPER 
BRAND t BERYLLIUM MASTER ALLOYS 

nw BERYLLIUM OXIDE 


2 pile koa aa 


THE BRUSH BERYLLIUM COMPANY, 4301 PERKINS AVE., CLEVELAND 3, OHIO 
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Completely Automatic... Simply Load 
100 Samples and Read the Printed Data 


Count tritium, carbon-14, and other beta-emitting isotopes using less staff time 
than any other method. Model 314X provides all the advantages of TRI-CARB 
Liquid Scintillation Counting...sensitivity, versatility, simplicity of operation and 
ease of sample preparation...and does it automatically. 

The Automatic TRI-CARB Spectrometer operates on the basis of both preset 
time and preset count. Counting is stopped by whichever is reached first. Sample 
number, time interval and two scaler readings are all printed out as 
an accurate and permanent record on paper tape. 

For full information on the TRI-CARB Liquid Scintillation 
Method and detailed specifications on TRI-CARB Spectrometers, 
request latest bulletin. 


*Trademark 


[Plackard Instrument Company 


DEPT. B +« P.O. BOX 428 + LA GRANGE, ILLINOIS 
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THIS GLOVE SOLVES THE PROBLEM! 


ait 


PROVIDES SAFE A 6 Sat PERFORMANCE 


IN CRITICAI“GLO DX OPERATIONS 


ESTABLISHES NEW HIGH STANDARDS OF DEPENDABLE 
IMPERVIOUS PROTECTION AGAINST CONTAMINATION 


EACH GLOVE 
HIGH TESTED 


CHARCO’S NEO-SOL DRY BOX 
GLOVES EXCEED THE MOST 
RIGID REQUIREMENTS OF 
THE NUCLEAR ENERGY 
a, n+ pes! e INDUSTRY AND NOW ARE IN 
absolute protective integrity USE AT THE LARGEST 
ATOMIC ENERGY PLANTS 


After all other inspections 
and fests are completed, 
each glove must withstand 


CHARCO ‘‘NEO-SOL" Dry Box Gloves are NOT made by the Neoprene 
Latex Coagulation Process. They are carefully manufactured of MILLED 
NEOPRENE by the Multiple-Dip Cement Method, using MOLECULAR solvent 
solutions of Neoprene. The CHARCO method yields non-porous films of 
intimate molecular structure with greater homogeneity and impermeabil- 
ity. Our Dry Box Glove Folder graphically illustrates the basic difference, 
and the superiority of gloves made of multiple-dipped milled neoprene. 


CHARCO maintains its own completely equipped and 


staffed laboratory. We welcome the opportunity 
to help solve any problems you may have 


ILLUSTRATED FOLDER 


[rile pr OF DRY BOX GLOVES 


In Complete Range Of Styles CHARCO'S Expanded Plant Capacity 
To Meet Your Every Need Insures Prompt Delivery Of Orders 
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With versatile Inco-Rod “A”, 
weldors produce strong, ductile 
joints in a wide variety of 
dissimilar alloys. In this test 
specimen, sound welds were pro- 
duced between four different 
alloys and the Type 304 
Stainless Steel plate at center. 


Pe .eethe big plus in Inco-Rod “A” 
that permits welding joints 
between most dissimilar alloys 


Nuclear engineering subjects equip- 
ment to an unusual variety of de- 
mands. Different parts of the same 
unit may be called on to resist radia- 
tion... heat ...corrosion ...or other 
forms of attack. 

The job is likely to call for the 
use of several alloys and many 
welds between dissimilar alloys. 

Now an electrode has been de- 
veloped to handle most such weld- 
ing jobs. It is the new Inco-Rod “A”* 
electrode. 

The 4-to-1 test specimen above 
demonstrates some of the varieties 
of dissimilar alloys you can weld 
with it. In this specimen, type 304 


Stainless Steel is joined to Types 
405, 316 and 347...and to Hastelloy 
B. There’s proof of versatility! 

Fact is ... better than 90% of 
most dissimilar alloy combinations 

. involving ferritic and austenitic 
stainless steels, low alloy steels, mild 
steels, high nickel alloys and other 
alloys can be handled with this one 
electrode. 

With Inco-Rod “A”, weldors can 
produce strong, sound, ductile joints, 
without need for special equipment 
or training. 

Welds are strong and ductile... 
of X-ray quality. Corrosion resis- 
tance in many media usually equals 


A ; 
Inco. Welding Products 


60 


electrodes, wires, fluxes 


or exceeds that of the base metal. 
And operability is excellent in any 
position ... spray type arc... easy 
slag removal. 


Do you need to join 
dissimilar metals? 


Ask for our useful folder on Inco- 
Rod “A”. It covers test data on 23 
different alloy combinations. For 
help on a current welding problem, 
contact Inco’s Technical Service 
Section. 


*Registered trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 
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Jerome D. Luntz, Editor 


And Now, Outer Space 


HE Atomic Energy Commission is sup- 
| prawns work in basic research, civilian 
nuclear power, nuclear ship propulsion, 
nuclear aircraft, nuclear rockets, thermo- 
nucleonics, etc. Now it has been proposed 
see p. 20) that AEC be given responsibility 
for developing nuclear propulsion systems 
for outer space vehicles. 

At the moment, nuclear engines are 
eminently worth investigating for inter- 
planetary travel. They appear to offer 
the power, thrust and lifetime that com- 
petitive systems do not. 

AEC is eminently suited to take on this 
new task. Through its contractors, it has 
the manpower and facilities ‘available for 
the work. In addition, AEC has already 
proved it works well with the Armed 
Services in developing nuclear propulsion 
systems for military craft. 


AVING said this—and we want to make 
H clear at this point that we do believe 
that work on outer space vehicles is impor- 
tant and that AEC should be given the job 

we feel there is still one basic, nagging 
question that doesn’t have an easy answer: 
How important is it for the U. 8. to be 
strong, if not “first,” in every phase of 
science and technology? 

Recent events have embarrassed Ameri- 
cans into believing that unless they’re 
first, ahead of the Soviet Union, they will 
suffer in prestige throughout the world. 
They believe that, as a consequence, they 
war for men’s minds.” 


“é 


will lag in the 


And so, in many fields that should not 
have been ignored previously but had been, 
they suddenly press ahead for the sake of 
being first. Sometimes when this is done 
the enterprise in question suffers from an 
immaturity of approach, from a lack of 
perspective. 

Of course, in these days when military 
strength is of no small importance, activities 
having direct military implications must 
be pursued with vigor. 

The need for this is not as obvious, 
however, in the many areas that don’t have 
clear military interest. But today science 
and technology can easily produce unfore- 
seen byproducts with greater significance 
than an originally intended goal. Thus, 
at the least, for military strength, but 
certainly for sound technological health, it 
is important for any vital country to 
maintain a vigorous scientific effort and 
to encourage the development of scientific 
talent. 


BR’ in the realm of cementing our rela- 
tionships with the free nations of the 
world and in developing our capabilities to 
assist such nations, there is little doubt 
that being “first”? in the many contrived 
races that are before us is less important 
than many other “real” values: sincerity 
of purpose, strength of character, and basic 
solidity of our economy and our democratic 
processes. 

These are the things that will pay off and 
are the values worth striving for. 





Tritium Tracing 
-A Rediscovery 


Better labeling techniques, more sensitive detection and lower price 


bring new usefulness to tritium. 


Good half-life and versatility make 


this radiohydrogen valuable to biologists, chemists and geologists 


recently been “redis- 
Three 
ments have contributed: 

(a) Tritium is cheaper. In 
years the price has dropped by a factor 
of 50—from $100 to $2 per curie. 

(b) Detection is more efficient. In 
particular, liquid-scintillator counting 


TRITIUM HAS 
covered”’ as a tracer. develop- 


recent 


techniques have made possible full- 
efficiency counting without self-absorp- 
tion. 
nical difficulty—detection of the very 
weak (18 kev max) beta particles. 


This conquers the greatest tech- 


(c) Labeling is easier and more versa- 
tile. Recoil labeling that makes use of 
energetic tritons from the Li®(n,a)T 
reactions in a nuclear reactor is effective 
for a wide variety of compounds, and 
discharge-tube 
means of using the same 
with simpler apparatus 
recently a still simpler, still 


labeling 


more versa- 
tile technique has been de veloped by 
K. E. Wilzbach at Argonne National 
Laboratory. This is gas-exposure la- 
beling in which tritium serves as both 
a radiation source and the inserted 
label (3). Discharge-tube 
and gas-exposure labeling have the im- 


labeling 


pressive advantage that they can be 

carried out with simple apparatus. 
There are other contributing causes 

for the tritium revolution. Tritium is 
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a very useful tracer for biologists and 
organic chemists because it is the only 
radioactive form of hydrogen, the most 
common element in organics. 

In spite of technical difficulties, tri- 
tium was used as a tracer before World 
War II. With the 
velopment of radioactivity techniques 


accelerated de- 


carbon-14 displaced it as the most used 
radiotracer for organics because of C!*’s 
easier detection The 
current revolution is bringing tritium 


and labeling. 
back into prominence and forcing scien- 
tists to reread prewar publications. 
Lower costs and wider use are making 
it possible to exploit many of its 
useful half-life, high spe- 
Even the 


weakness of its betas is sometimes an 


advantages: 


ific activities, low cost, ete. 


advantage, particularly in producing 
high-resolution radioautographs (see 
box p. 64). 

Ten experts in the use of tritium of- 
fered a detailed picture of the state of 
the science at a recent symposium 
sponsored by the New England Nuclear 
Corp., Atomic Associates, and Packard 
Instrument Co. They spoke on label- 
ing techniques, detection, health-phys- 
uses in the 


ics considerations, and 


pharmaceutical industry, petroleum- 


reservoir engineering, biochemistry, 


and radioautography. 


TRITIUM LABELING 


Tritium’s usefulness as a tracer has 
been greatly increased by the gas-ex- 
posure labeling technique developed by 
K. E. 


at the symposium. 


Wilzbach and described by him 
The compound to 
be labeled is exposed to tritium gas, 
which serves a double function: beta 
particles activate either gaseous tritium 
or the molecules of the compound, and 
this promotes exchange between hydro- 
gen in the molecule and gaseous tritium. 
It is not clear whether the mechanism 
is activation of tritium or activation of 
the exposed molecule, but the difference 
is not important to people who want to 
use it 
Other tritium labeling methods are 
method (1) 


chemical synthesis and exchange tech- 


the tritium-recoil and 


niques, which can be used in combina- 
tion with gas exposure and recoil. Gas 
exposure has the advantages of smaller 
radiation damage and simpler labora- 
tory techniques. 

In both gas-exposure and recoil label- 
ing the product usually contains small 
amounts of high labeled impurities. 
Removal of these by-products requires 
efficient purification procedures. These 
to most of the effort 
in using the two methods. 
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lead involved 





Gas-Exposure Procedure Gas-Exposure Labeling—Apparatus and Results 

Good gas-exposure labeling requires 
isotopic purity, relatively high tritium 
pressures (~1 atm) and large surface 








area in the exposed sample. Wilzbach 
uses tritium of about 90% isotopic 
purity The presence of He’, formed 
by tritium decay, has no apparent 





effect on the process, but accumulation 
of hydrogen and methane makes it un- 











wise to reuse the gas. Higher pressures 
increase both the activation and the 
tritium available for exchange; how- 
ever, present techniques limit pressures 





to just below atmospheric (Fig. 1). 

For safety and economy it is advan- 
tageous to use a limited amount of gas 
and a small sample. Subsequent di- 
lution is better than using a large 

tostart with. Since the tritium 

sa range of only 0.7 mg/cm’, it 

use solids in finely powdered 

to shake liquids. Room 

ture is generally satisfactory, FIG. 1. System above permits introduction of gaseous tritium and powdered or 

liquid samples into vessel at upper left. Tritium comes from storage buib mounted 
ibeling at reduced temperatures. on U-tube or by distillation from uranium tritide 

Apparatus. Figure 1 shows a typi- 


but some compounds display better 


al reaction vessel and the pumping 





system used to introduce tritium. 


TABLE 1—Tritium Labeling by Gas Exposure 


Samples consisting of 0.1-1 gm of 
liquid or powdered organics are intro- 
duced into the 6-ml vessel through the Tritium incorporated 
constriction which is subsequently Sample Amount of In pure : Me 
off. Volatile samples can be Compound weight Exposure tritium Total Labile product Values of A 
luced into a similar vessel from exposed (days) (curies) (me) (me) (me/gm) Crude “Pure 
epler pump. —_ 
r the vessel has been filled with Toluene j 24 f : None 22.: 0.22 0.10 
and placed on the pumping ”-Heptane 37 9.8 4 5 None ‘ 0.27 0 003 
of Benzoie acid : j 56 40 0.57 0.067 
Sucrose j . 59 480 : 0.72 0.024 
Cholesterol ; : 335 90 4: 1.11 0.40 
Digitoxin 5 5.8 f . 182 ‘ 1.16 0.13 


atus, ~2 cm’ (5  curies) 
are introduced from a storage 
or by distillation from uranium 
The vessel is then pulled 
capillary. Shaking promotes 





tion with liquid samples, and 
ids it is customary to rotate TABLE 2—Distribution of Tritium in Toluene 
be and distribute the sample as 


ossible over the walls. The specific activities of these toluene . . indicate this tritium distribution 


ength of the gas exposure de- derivatives . in gas-exposure-labeled toluene 
n the extent of radiation 
his is expressed in terms of Specific 
number of molecules destroyed activity Per cent of tritiun 
absorbed. Unfortunately Compound (uc /mmol) at various positions 
mber has been measured for 
imited number of organic com- Toluene 18.9 
but the available values have  pgntabromotoluen: 
tal ‘ » (4). § ré : de- 
: ute : - Its | value | : Remeeie aiid 
nes the length of the optima 3 F 
I p-Nitrobenzoic acid 
ire. G_» ranges between 1 and 
2 4-Dinitrotoluene 
| optimal exposures are usually 
’ ate 2. 4,6-Trinitrotoluene 
30 curie-days per millimole. 2,4,6-Trinitrotoiuen 
orporation of tritium is expressed * By difference 


n terms of Gy, the number of tritium 
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100 ev ab- 
For purposes of computation 
the tritium 


radiation is absorbed by the sample. 


atoms incorporated per 
sorbed. 
it is assumed that all of 


The results of several exposures and 
the values of Gr for both the crude 
mixture and the purified parent are 
Table 1. 
values for recoil labeling are smaller by 
a factor of 10°, which indicates that 
radiation damage for the same amount 
of labeling can 
considerably smaller when the gas-ex- 
posure technique is used. 
ample, it has been reported that ribo- 


shown in Comparable G 


be expected to be 
As an ex- 


nuclease and lysozyme can be labeled 
without great loss of enzymatic activity 
(5). 

Position of label. 
vestigated the positions assumed by the 
label in toluene. The 
separate derivative fractions and de- 
termine the amount of activity that 
remains with the 
data one can determine the fraction of 
the total toluene activity that is as- 
sociated with each of the hydrogen 
the 
The results of these investigations are 
shown in Table 2. 


Wilzbach has in- 


method is to 


each one. From 


positions in toluene molecule. 


Conventional Labeling 


When the special nature of the 
labeled molecule does not require the 
special techniques of gas exposure or 
tritium recoil, simpler methods produce 
compounds of high specific activity. 
These include reduction, exchange, hy- 
drolysis, and synthesis by means of in- 
termediates. 

Reduction. This is the method of 
choice if a precursor is available that 
has a double bond or a reducible group 
Activity 
as great as 58 c/millimole is possible by 
this method, although one could not 
expect to keep such a compound under 
control. However, 
limole are possible even after dilution 
with carrier hydrogen. 

Finding a suitable 
problem. In polar solvents exchange 


such as a carbonyl radical. 


curies per mil- 


solvent is a 


between the tritium and solvent hy- 
drogen reduces the eventual activity by 
a large factor. Modification of the 
compound before the reduction and 
subsequent restoration to the desired 
form often simplifies the problem. 
Simple exchange. This method is 
limited by the fact that labels that go 





Tritium Radioauvtography 


Spectacular print* shows distribution of tetracycline in a mouse sacrificed 


20 min after intravenous injection. 


figure is light. 
high concentration. 


Concentration is high where this 


Brain at right shows low, while kidney at upper left shows 
This exposure required 2.5 months. 


Short range of tritium betas produces resolution that is unusually high 


for radioautographs. 
frequently distinguishable. 


In microscopic enlargements individual cells are 


At the tritium symposium Walter L. Hughes gave figures to indicate 


the specific activity required in thymadine to label a mammalian cell: 


one locus requires 5 silver grains, which, at 5% efficiency, require 100 


disintegrations, which might occur during a l-month exposure. 


~10~° curies per locus. 


This is 


Taking into account the composition of the aver- 


age cell, one finds that one needs 0.2 curies per mole of thymadine. 


* Torsten André, Farmakologiska Ardelningen, Kungl. Velerinirhégskolan (1956; 
published as supplementum 142 to Acta Radiologica. 
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in easily come out easily; if a tracer is 
easily prepared, it is likely to be un- 
The method is 
useful if the exchange-labeled molecule 
is quickly modified to a stable form 
after the initial labeling. 

Catalyzed reactions. Acid-cata- 
lyzed reactions are useful for aromatic 


stable, and vice versa. 


compounds. The usefulness is limited 
by the tendency toward sulfonation. 
Other types of 


acetone and fatty acids, can be labeled 


molecules, notably 

by base- and metal-catalyzed reactions, 

respectively. 
Hydrolysis. The 


tions illustrate labeling by hydrolysis. 


following equa- 
As applied to benzene derivatives this 
method has the advantage of provid- 
Reactions with 
the Grignard reagent, illustrated by 


ing specific labeling. 


the first two equations, have rather 
general applicability. 


RMgX + H30 — RH’ + H*OMgX 
SOCIl, + H30 — SO, + 2H°C! 
H*Cl + RMgX—RH?* + MgXCl 
CaC, + 2H30 > 
H°C=CH?* + Ca(OH*), 
KCN + 2H{0 — H*COOK + NH3 
Cl;CCHO + NaOQH*— 
Cl;CH* + HCOONa 


TRITIUM DETECTION 


The current “rediscovery ”’ of tritium 
as a tracer arises in part from develop- 
sensitive methods for 


ment of new 


detecting it. The beta particles have 
of only 18 kev, 
that few of them will 


penetrate even the thinnest window. 


a Maximum energy 


which means 


Even more important, almost any 
tritium sample, no matter how thin, 
will absorb most of its own beta energy. 

Two counting techniques conquer 
the difficulty effectively—liquid scintil- 
lation and gas counting. 

The more powerful of the two is 
liquid scintillation counting, which has 
been widely developed in the past few 
years (6-12). The sample is dissolved 
or suspended in the scintillating liquid 
or gel. Thus there is a minimum of 
self-absorption and essentially no bar- 
detector. 
Beta energy is converted immediately 


rier between sample and 
into light, and the light can transverse 
the scintillating substance without the 
absorption experienced by beta rays. 
Such a system will recognize as little 
as 25 wue of tritium. In a recent ex- 
tension of the liquid-scintillator tech- 
nique, leaf patterns have been squeezed 
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Tritium or Carbon-14? 


Since most organics are made up of hydrogen, carbon, and oxygen, and since 
there is no usable radioactive oxygen, organic tracers must be tagged with tritium 


or ( 


and assay is applicable to both. 


Both are weak beta emitters so the same instrumentation for detection 


F. Marott Sinex, chairman of the recent symposium, made a comparison of 


tritium and C'* for tracer purposes. 


Carbon-14 
Maximum beta energies 


0.158 


Mev 


Here are some of his figures: 


Tritium 


0.018 


Dose from 1 me uniformly distributed in a 70-kg man: 


0.039 
Cost of the isotope. 
up to 80 mc/gm. 
28 
Cost of labeled compounds. 
leucine and C'*-labeled amino acids: 
800 
Specific activities. 
5.600 vr 


case for C', 


5 curies /mole 


rep/day 
C4 is sold at Oak Ridge in solid BaCO, at specific activities 
Tritium is sold as the pure gas except for the He* decay product. 

$/me 
For example, here are the price of tritium-labeled 


0.0044 


0.002 


$/me 35 

Tritium’s much shorter half-life (12.3 yr compared with 
indicates that it takes much fewer atoms to make a millicurie than is the 
Thus maximal specific activities for the two are 


700 





filter that contains the 
scintillator (13). 

In the other method one introduces 
tritium-labeled gases including tritium 
gas itself into gas counters to reduce 
absorption. This leads to two types of 
counting: conventional G-M counting 
with the tritium in the counter initi- 
the and 
scintillation counting (14, 16). 
Table 3, page 67.) 


into paper 


ating discharges gaseous 


(See 


Liquid Counting 


Today’s techniques for liquid-scintil- 
lation counting require a solution that 
has five components aside from the 
that is to be counted. This 
solution is two photo- 
multipliers operated in coincidence to 
background. Further back- 
ground reduction is accomplished with 


sample 


viewed by 
reduce 


pulse-height discrimination. 
Scintillating solutions. The five 
components of a good scintillating so- 
lution are (a) an aromatic solvent, 
(b) a fluorescent dye, (c) a wavelength 
shifter, (d) a diluent in which the 
dissolved, and (e) 


naphthalene as a light restorer. 


sample can be 

Solvents that are frequently used to 
hold the dye are toluene, xylene, tri- 
Pref- 
erably one uses a solvent that will not 
attack Lucite, since Lucite is the most 
container because of its 
high transparency. Terphenyl and 
diphenyloxazole (PPO) are the most 
useful dyes. 
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ethylbenzene, ethylhexene, etc. 


convenient 


The purpose of the wavelength 
shifter is to absorb the light emitted by 
the dye at 3,500—4,000 angstroms and 
re-emit it at wavelengths closer to the 
phototube peak of ~4,600 angstroms. 
Most commonly used is POPOP, stand- 
ing for phenyl-oxyzol-phenyl-oxyzol- 
phenyl. 

Samples that do not dissolve readily 
in the basic three-component mixture 
can be introduced after introduction of 
an appropriate diluent. Water can be 
introduced at the of increased 
light absorption, and quartenary amine 
make it possible to dissolve 
carbon dioxide and proteins. Some of 
the light lost introduction of 
diluents is restored to the detection 
system when napthalene is added. 

Electronics. Even when most of the 
energy of a tritium beta is efficiently 
converted into light in a scintillator it 
still produces a relatively weak pulse at 
the output of a photomultiplier. A 
counting system that is sensitive enough 
to detect these pulses is sensitive to 
many background pulses. The two 
devices that are used to reduce back- 
ground are coincidence counting of two 
phototubes looking at the same scintil- 
lator and pulse-height discrimination. 
Coincidence counting eliminates es- 
sentially all of the thermal-noise pulses, 
which have energies comparable to 
those that from tritium 
scintillations. Discrimination against 
high-energy pulses eliminates most of 
the pulses that originate from non- 


cost 
bases 


upon 


originate 


tritium radiation absorbed in the 
scintillator. Two-channel pulse height 
counting makes possible simultaneous 
counting of the two most useful organic 
tracer nuclides, tritium and C'*, An 
upper channel counts only C', and a 
lower one counts tritium and some 
C™ pulses as well. 

Improvements in liquid-counting 
equipment are reducing technical diffi- 
culties. Figure 2 shows one example, 
an automatic sample changer that 
enables long counting runs without any 
exposure of sensitive elements to light. 
This saves time since extensive dark 
adaption is required for low-noise” 
counting. 


Other Assay Techniques 


Most non-scintillation methods for 
tritium assay depend on conversion of 
the labeled compound into a suitable 
gas. Methods that have been found 
useful for conversion and assay are 
described by Fig. 3 and Table 3, and 
the bibliography (p. 67). Charles V. 
Robinson described these methods at 


FIG. 2. Automatic sample changer for 
liquid scintillation counting permits long 
runs without interruption by exposure to 
external light 


the symposium and prepared the figure, 
table, and bibliography. 
Radioautography. Photographic 
detection is also used with tritium 
betas, principally in making radioauto- 
graphs, An example is the figure 
shown in the box on page 64. The low 
energy of the particles is at once an 
advantage and a disadvantage. The 
short range in emulsions leads to ex- 
tremely fine resolution. On the other 
hand, exposures of several months are 
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frequently required to produce recog- 
nizable darkening. 


APPLICATIONS 


The usefulness of tritium as a tracer 
comes from the presence of hydrogen 
in most organic substances and the 
existence of tritium and tritium-labled 
compounds as gases. Four of the 
symposium speakers discussed practical 
tracer uses of tritium. 


Biology and Drugs 


The manufacturer of pharmaceuti- 
cals uses tracers primarily to study new 
drugs. The things he wants to know 
about them are (a) chemical and bio- 
logical stability, (b) site and extent of 
absorption, (c) translocation and distri- 
bution in body fluids and organs as 
functions of time, (d) biological half- 
life, (e) places of permanent or semi- 
permanent storage, (f) biological trans- 
formations and methods of excretion 
and (e) modes of biochemical 
pharmacological action. 

Tritium labeling by exchange meth- 
ods is possible drugs 
Testing is performed largely in animal 
experiments, and assay is by liquid- 
scintillator counting radioauto- 
graphs. 

In new-drug studies, tests to find an 
appropriate labeling technique and 
then to test the quality of the label are 
always fundamental. A _ label 
arrive at a spot through movement of 
the whole molecule, transfer of part of 
the molecule in a metabolic process or 
merely by exchange of the tritium atom 
with the hydrogen of another molecule. 

One must 
effects. Tritium can move preferen- 
tially in chemical or biological systems 
as the result of two things: (a) the dif- 
ferent strengths of hydrogen and 
tritium bonds and (b) the different 
mobilities exhibited by atoms 
taining hydrogen and their counter- 
parts containing tritium. 


and 


with most 


and 


can 


also evaluate isotopic 


con- 


Petroleum Engineering 


Oil geologists find tritium useful in 
studying fluid flow in both laboratory 
experiments and underground explora- 
tion. Tritium has several advantages 
over other tracers: (a) a cost that is a 
small fraction of the total cost of a 
test, (b) weak radiation that presents 
no health hazard, (c) relatively long 
life, (d) detection techniques that can 
be used in the field, 
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(e) absence of 


9. | Concentration | 
|by electrolysis| 


— 


—— 
| Aqueous 


sample 


oe ae | 
| Organic 
sample | 





[Quantitative | 
“| combustion TI combustion 
_——— 


| Organic 


SE: Se 

poner 
sample 

| wield 


FIG. 3. Conversion methods for gas counting of tritium. 


“HO of |_| 


- > Quantitative |— 
ro i2n, enc reduction 
p=4-|Mg, 650°C fn 

r—~5-[Mg-He, 400°C" 
t-6-|Ca, 25°C | —— 
t= 7-|LiAIH,, 25°C 
r~8-|CHgMgl, 100°C 
= 9-|Al,C3, 120°C | 
-—=10-|CaC, 25°C | 


—o1]-|C,HoMgBr, 120°C |—— 
quantitative 


—— CoH, 
—— C4Hio 


at? HAC 
——~ 12-| Zn+ NiO, 640°C 5, hydrogen |” mixtur 


mixture 


Table and references on the 


next page list users, methods, and publications, Numbers associated with conversions 


above appear in fifth column of the table. 
bibliography on this page 


appreciable tritium in naturally occur- 
ring gases and (f) the ability to in- 
corporate it as a label in the fluid that is 
to be traced, which is usually water or 
a hydrocarbon. 

In a “‘five-spot”’ technique oil is 
taken from a central producing well 
while four other wells are used as in- 
jection wells. Water or forced 
down an injection well will force oil to 
the site of the production well. Dif- 
ferent tracers, used together, indicate 
the 
Tritium-labeled gases that 


gas 


which of injection wells are 
effective. 
are useful are tritium itself, CH} and 
C,H. Other radioactive that 
are frequently used are C'“H,, C}*H, 
and Kr*®*. Dilution factors as great as 
10'3 are currently usable. 

Many nonradioactive tracers 
been the They 
include dyes, boron compounds, am- 


gases 


gas 
have used in past. 
monia, salts, helium and carbon mon- 
oxide. However, such tracers present 
many difficulties: (a) failure to behave 
as the fluid to be traced, (b) lack of 
sensitivity, (c) high cost and (d) need 
for laboratory techniques that cannot 
in the field. In the 
there is inconvenient 
due to 
Carbon monoxide presents a 


be used use of 
helium 
ground 
helium. 
special health hazard. 

If the flooding fluid is water, tritium- 
labeled the tracer. 
Other long-lived tracers are usable if 
they are chemically complex so that 
they do not react with the materials 
they encounter. 

Another _ special the 
labeling of gases held in underground 
storage reservoirs. The technique is 
appropriate for measuring the size of 
the reservoir and finding leaks that can 


back- 


naturally occurring 


water is ideal 


problem is 


References should not be confused with story 


waste the stored gas or poison nearby 
mines. Currently reservoirs are tagged 
at levels that tracing their 
gas for 25-30 yr. 


permit 

This requires about 
1 ¢ per million cubic feet. 

Cost of homogeneous labeling is $2-3 
per million cubic feet. The cost per 
injection includes similar costs of a 
few hundred dollars for isotope pro- 
curement and calibration, respectively, 
and an injection cost of a few thousand 


dollars. 
yaa 


This article is based on material presented 
at the Tritium in 
Applications, Statler, New 


Tracer 


York, 


Symposium on 
Hotel 
November 22, 1957. 
The speakers were F. Marott Sinez, chair- 
man, Boston University School of Medicine, 
Kenneth E. Wilzbach, Argonne National 
Laboratory, Seymour Rothchild, New England 
Nuclear Corp., James R. Arnold, Princeton 
University, Charles V. Robinson, New Eng- 
land Medical Center, John S. Handloser, 
Brookhaven National Laboratory, Jay F. 
Snell, Pfizer Therapeutic Institute, Donald R. 
Carr, Isotopes, Inc., Maxwell Eidinoff, Sloan 
Kettering Institute, Walter L. Hughes, 
Brookhaven National Laboratory. 
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TABLE 3—Gas-Assay Methods for Tritium 


Principal 


author 


Eidinoff 
Jones 
Libby 


Henriques 
Bernstein 
Hawkings 
Verly 
Eutsler 
Healy 
siggs 
Robinson 
White 
Wing 
Glascock 


Wilzbach 


Christman 


Refs. 
listed 
below t 








Type of 


Size of 
sample 


Fraction of 
Conver- Labeled activity in 
sions gas sensitive 


sample (approz.) (Fig. 3) product volume 
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H,O 


H,O 


H, gas 
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organic 
H.O 
H.O or 
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H.O 


H,.O 
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1 liter 
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5-10 mg 


Gases 
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operation * Remarks 
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Fast-Breeder Power Reactors: 
Where Does U. S. Program Stand?2 


Progress in fast-breeder hardware includes development of 


radiation and temperature-resistant fuel element alloys and 


successful tests of full-scale, high-temperature Na components 


By L. J. KOCH Argonne National Laboratory, Lemont, Illinois" 


DEVELOPMENT OF FAST-REACTOR TECH- 
NOLOGY in the U. 8. 
broad pattern involving development 
of fuel materials and designs, reactor 
systems (Table 1) and components and 
fuel processing and fabrication. In 
addition to this general development 
program, three fast-reactor projects 
Experimental Breeder Reactor-II, Los 
Alamos Molten Plutonium 
Experiment-I and the Enrico Fermi 
Fast Breeder Reactor (see table of fast 
reactors)—are under construction. 

Still unanswered is the 
When will fast reactors 
status of U. S. power reactors on-the- 
line? The answer depends partly on 
technological factors but mostly on 
economics—if fast power breeders are 
to compare favorably with thermal 
reactors, they must offset their costlier 
construction and operation by a higher 
breeding ratio. 

The object of this discussion is to 
outline present activities in the U. 8. 
program (see Figs. 1 and 2) and to sug- 
gest areas requiring most attention in 
future developmental work. The dis- 
cussion will cover the general areas 
mentioned in the first paragraph and 
the three reactor projects. 


is following a 


teactor 


question: 
achieve the 


Fuels and Fuel Elements 


All three fast reactors under con- 
struction in the U. S. are sodium- 
cooled and operate at moderately high 
temperatures to permit efficient energy 
conversion. EBR-II and the EFFBR 
will generate and 
will employ ‘‘full-scale” sodium-sys- 


68 


electrical power 


tem components, which will require 
little extrapolation for application in 
larger plants. 

Fuel loadings for the three reactor- 
construction projects have been se- 
lected. Work presently in progress is 
directed toward improving fabrication 
processes and operational character- 
istics of the fuels. 

Solid-metal fuel. EBR-II 
EFFBR will use pin-type fuel elements. 
Both reactors are designed to operate 
at maximum fuel temperatures of 
about 1,300° F at full 
though actual reactor operating experi- 
available at these fuel 
temperatures, there is evidence that it 


and 


power. Al- 
ence is not 


will be permissible. 

The EBR-II fuel-element develop- 
ment program is unusual in that it will 
use a rather complex alloy established 
by the melt-refining purification proc- 
ess. This process does not remove all 
the fission products resulting in typical 
“equilibrium alloys,” as shown in 
Table 2. 

Development work associated with 
the design and configuration of the fuel 
element has been directed almost ex- 
clusively to the problems associated 
with remote fabrication and assembly. 
These efforts have included develop- 
ment of precision-casting and assembly 
techniques, sodium bonding and re- 
motely operated welding equipment. 
Prototype equipment has been built 
and is being tested under simulated 
operating conditions. 

A similar development program is 
being conducted to fix the fabrication 





TABLE 1—Fast-Reactor Chronology 


Date of 
Power opera- 


[Mw th tor tion 


OU pera- 


Reactor 


LASL 1949 
1953 
1951 
1957 
1959 
1959 
1958 
1958 


Clementine 25 (kw 
Dismantled 
EBR-I 
Mark III core 
Mark IV core 
EBR-II 
Dounreay 
LAMPRE-I 
LAMPRE-II 
EFFBR 300 


ANL 


1960 





process for the EFFBR extruded fuel 
elements, including determination of 
billet billet-jacket di- 
mensions and extrusion-process vari- 
ables. The quality of the extrusion 
and the 0.004-in. clad thickness depend 
on the accurate control of these vari- 
addition, the subsequent 
sizing operation must be carefully con- 


configuration, 


ables. In 


trolled, including the annealing steps. 
Finally, the stabilizing heat treatment 
of the finished fuel elements is essential 
to achieving irradiation-damage 
resistance. 

Achieving a sound sodium bond in 
the EBR-II fuel element has been a 
difficult problem than antici- 
pated. The fuel element has a 0.006- 
in. annulus between the fuel pin and 
the fuel tube that must be filled with 
The 


most successful bonding technique has 
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more 


sodium and must be void-free. 

















; 


— — 





FIG. 1. Fast-reactor component prog- 
ress is evidenced by large d-c electro- 
magnetic sodium pump 


uge, but this large and complex ma- 
chine is not amenable to remote 
operation. Work is continuing on 


employed a high-temperature centri- 


pressure-pulsing”’ the molten bond to 
lisplace voids by applying alternately 

1cuum and pressure. The use of 
ultrasonic vibration to achieve a sound 
bond is also being investigated. Both 
techniques offer promise but to date 
have not been as successful as centri- 
fuging. Nondestructive eddy-current 
testing of fuel elements; now developed 
to a high degree of accuracy, has been 
used to evaluate success of bonding 
techniques. It will also be used to test 
the finished EBR-II fuel elements. 

\n increasing effort is being applied 
to developing plutonium-uranium al- 
loys. The immediate effort is being 
directed toward the second (plutonium) 
loading of the EBR-II, with the em- 
phasis on U-Pu-fissium alloys. Re- 
sults to date indicate that the EBR-II 
fuel-process cycle can be converted 
from enriched U to U-Pu with essen- 
tially no change in the cycle or 
equipment. Radiation-damage results 
indicate that the uranium-plutonium- 
fissium alloys are very stable in the 
range of 10-20% Pu in U. This 
particular range was selected for initial 
evaluation because it is the composition 
of interest for large, fast power re- 
actors. The effect of “‘fissium” addi- 
tion to the U-Pu binary system is 
shown very dramatically in Fig. 3 

Molten plutonium. The molten-plu- 
tonium fuel-development program for 
LAMPRE is quite different from the 
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solid-element program because irradia- 
tion-damage and fuel-fabrication prob- 
lems do not exist. 
is on corrosion and materials. 


core-container material under the oper- 
ating conditions to be met in LAMPRE. 
Tests conducted to date indicate that 


re 








FIG. 2. 
has accumulated equivalent of more than eight months successful operating time 








Here the emphasis 


Tantalum is receiving attention as a 
must be determined. 





Nuclear Parameters for Fast and Thermal Power Reactors 


Fast reactors are the only reactor type capable of breeding Pu from 
U2, The breeding capability of a reactor system is influenced largely 
by the cross sections of the fissionable isotopes for the various inter- 
actions in the neutron spectrum existing in the system. For purposes 
of comparison, values for the pertinent nuclear parameters for the 
three fiassionable isotopes in typical fast and thermal power reactors 
are given in the table below. 


The parameters in the table below are given for a typical fast-reactor 
neutron spectrum and a thermal spectrum at 480° F (0.045 ev). The 
parameters are o,, the fission cross section; 7, the number of neutrons 
emitted per fission; 7, the number of neutrons emitted per neutron 
absorbed (= 7/(1 + a); a, the ratio of capture cross section to fission 


cross section. 


The most significant parameter pertaining to breeding is », while c, 
influences the reactor design. In a fast reactor, neutron efficiency is 
also enhanced by the low parasitic capture cross section of coolant, 
structure and fission products, and by fast fission of U*"*. Asa result, 
a breeding ratio of at least 1.5 is attainable in a practical fast Pu***-U*"* 


» 


power-breeder-reactor system. 








i [235 Us Pu*® 
Param- és Base ) ) 
eter Fast Thermal Fast Thermal Fast Thermal 
oF 1.5 430 2.3 400 1.7 700 
7 2.5 2.47 2.57 2.52 2.95 2.91 
n 2.17 2.08 2.42 2.29 2.68 1.94 
a 6.15 0.19 0.06 0.11 0.1 0.5 








Large (5,000 gmp) mechaniccil pump in place on sodium test loop. Pump 





high purity is required in both the Pu 
and the sodium-coolant systems. The 
effects of impurities must be better 
understood, and whether an inter- 
relationship exists between the systems 


To date, major emphasis has been on 
determining the effects of oxygen as 


thecontaminant. It is quite clear that 
oxygen must be maintained at ex- 
tremely low levels in both systems. 
Mass transfer and the effect of oxygen 
have been studied in a simple tipping 
apparatus. An intermittent-tilting 
furnace pours the liquid Pu back and 
forth between the hot and cold ends of 
a welded capsule, allowing time for the 
melt to come to temperature at each 
end. Deoxidizing materials like Ca- 
Mg alloy have shown promise in this 
apparatus as mass-transfer inhibitors. 

Considerable development is also re- 
quired on tantalum production and 
fabrication. Procurement of suitable 
material has posed considerable diffi- 
culty so far. 

Basie work is required on 
various alloy systems of interest. 
LAMPRE-I will use the Pu-Fe eutec- 
tic alloy (Fig. 4). More dilute Pu 
alloys will be required for larger 
molten-Pu fast Other bi- 
nary-alloy systems are under in- 
vestigation, such as the Pu-Mg eutec- 
tic, which melts at 500° C and contains 
85 atomic % Mg. In addition, ternary 
systems in which a third metal acts as 
a diluent with little effect on the 
melting point of a binary eutectic are 
under investigation. 


also 


reactors. 


Because molten fuel does not undergo 
radiation damage, fission products can 
accumulate to about 10% burnup be- 
fore becoming objectionable as a fuel 
diluent. Thus, processing can be de- 
layed and a process that would remove 
an appreciable portion of each fission 
product without significant Pu 
would be adequate to prepare the spent 
fuel for reuse. (At 10% burnup, the 
LAMPRE fuel contains: 2.75 wt % of 
the fission-product group containing 
rare gases, alkali metals, alkali earths 
and other active elements; 3.24 wt % 
rare earths; 3.76 wt %&% 
metals; and 2.17 wt % Fe.) 

However, fission gases can form bub- 
bles in the liquid fuel. If the bubbles 
do not the reactor would be 
shut down in a 
Scrubbing of the fuel inside the reactor 


loss 


refractory 


escape, 
matter of hours. 


with an immiscible molten metal is 
being studied as a possible means of 
removing fission gases as well as com- 
bined oxygen. 
Oxides. Some 


has been conducted with oxides, both 


preliminary work 
U and U-Pu oxides, as potential fast- 
reactor fuels. Results have indicated 
that oxides may be able to sustain very 
high burnup. 

Offsetting this advantage is their 





U. K. Fast-Reactor Program 


The present U. K. 


program is based on the installation of natural- 


uranium, graphite-moderated, gas-cooled reactors with a total capacity 


of ~6,000 Mw by 1965. 


by-product plutonium in the middle sixties. 


This program will produce ton quantities of 


With the presently 


planned fuel burnup of 3,000 MwD/ton, ~2 kg of plutonium is produced 


per ton. 


produced will be increased accordingly. 
ever, only about 0.5% of the total fuel (U** and U**) is utilized. 


If this can be improved to 5,000 MwD/ton, the plutonium 


Under these conditions, how- 
Recycle 


of the extracted Pu in thermal reactors may increase this to 3%. 


It has been assumed in the U. K. 
capital cost will not be constructed much before 1970. 


that fast reactors of acceptable 
During the 


period 1970-80, the number of fast reactors built might be expected 
to increase rapidly until, in the 1980s, they may represent a major pro- 


portion of all new construction. 


Another study indicates that power 


costs should be approximately constant during the interim period 
(1970-80) and possibly decrease as fast-reactor technology improves. 
In a system consisting mainly of fast reactors with high burnup, and 
a breeding gain equal to or greater than the rate of expansion of the 
system, fuel costs will represent only a very small fraction of the total 


cost of generating electricity. 


To initiate this program, the U. K. has a 60-Mw/(th) experimental fast 
power breeder reactor under construction at Dounreay in the North of 


Scotland. 


scheduled to go critical in mid-1958. 


It will be fueled with 30%-enriched uranium metal and is 


4 turbine-generator will be 


installed in late 1958, and the plant will produce electricity although it 


is primarily a reactor experiment. 


It is planned to fuel the reactor 


with plutonium after an extensive program has been completed on the 


enriched-uranium loading. 


the late 1960s. 


4 prototype power reactor is planned for 


The diluent 
displaces fuel, structure or coolant and 


lower density. oxygen 


does not contribute to the system. 
This is a particularly severe handicap 
EBR-II would be 
metal fuel 


replaced with uranium oxide, even if 


in small reactors 


subcritical if the were 
fully enriched.) 

In addition to the disadvantage of 
lower density, there is some concern 
over the thermal-expansion character- 
The most important 
temperature effect in a fast reactor is 
the thermal fuel, 
which provides a negative temperature 


istics of oxides. 
expansion of the 


coefficient responding instantaneously 
with reactor power. The thermal ex- 
pansion of oxides is small and rather 
unpredictable, . particularly after high 
burnup with consequent deterioration 
of the This 
raises some question with respect to 


material. characteristic 
reactor stability in the event of a power 
transient. 

Oxide fuels have not been ruled out 
for fast reactors. However, at the 
present time they do not appear to have 
the advantages attributed to them for 
thermal, water-cooled systems. 

In addition to solid-oxide fuels, in- 
vestigation of UO.-NaK suspensions 
was begun at ANL to develop a fluid 
fuel suitable for a fast reactor requiring 
a concentration of about 20 vol % (vol- 
ume per cent) UOs. Because of recent 
interest in dilute slurries for thermal 
reactors and because basic information 
can be obtained more readily from 
dilute slurries, most of. the work has 
been with 5 vol % UO.in NaK. The 
slurries have been circulated for several 
hundred hours in loops at temperatures 
up to 650° C; they remained uniform in 
eroded nor 


composition and neither 


corroded the stainless-steel tubing 


of the loop. Pressure-drop measure- 
ments have also been made in these 
Further, the UO. could be 


immediately resuspended after it had 


systems. 


been permitted to settle out of suspen- 
The concentration limit of UO, 
in NaK has not yet been established; 


s10n. 


however, a slurry containing 15 vol % 
UO. in NaK has been circulated at 
temperatures up to 700° C and the 
slurry appeared to be uniform in 
composition. 

The effect of fission products and 
radiation on the slurry rheology still 
remains to be determined. In addi- 
tion, it would be desirable to extend 
the concentration to about 35 vol %, 


which is the approximate concentration 
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It would also 
be desirable to extend the temperature- 
stability range so that the reactor struc- 
ture and ancillary equipment, rather 
than the fuel, would set the tempera- 
ture limit. 


limit for a fluid slurry. 


Data-Theory Correlation 


Only recently have the needed ex- 
perimental facilities (critical facilities 
exponential facilities) become 
available to the experimentalist to pro- 
duce data needed by the theoretician. 
Fast-reactor theory, with the aid of 
these tools, has now developed to where 
the predict with 
reasonable accuracy the performance 


and 


theoretician can 
of fast-reactor systems and can guide 
engineering design of these systems. 

The critical-experiment program is a 
effort to obtain physics 
fundamental reacter data and 
Physics data include 
a wide variety of nuclear parameters, 
Doppler temperature coefficient, 
neutron spectrum, neutron lifetime and 
geometrical effects. 

Fundamental data are obtained from 
experiments on elementary assemblies 


continuing 
data, 
engineering data. 


e.£., 


spheres, slabs and cylinders) uncom- 
plicated by features present in actual 
These experiments 
furnish data on critical mass, relative 


power reactors. 
worths of reactor materials, axial-and- 
radial neutron-flux distributions and 
fission-to-capture ratios. 

Engineering data are obtained from 
carefully simulated power-reactor con- 
These data are required 
for the detailed design of reactors and 
constitute nuclear proof tests of the 
reactor. 


hgurations. 


The critical experiments cannot du- 
plicate all conditions that will exist in 
Tempera- 
ture coefficient, power coefficient, re- 


an operating power reactor. 


activity changes with time and kinetic 
must be determined 
Suitable techniques have 
been developed for these analyses, and 
verification of the results obtained by 


characteristics 
analytically. 


critical experiments, where applicable, 
has improved accuracy of the analyses 
beyond the range of critical-experiment 
evaluation. 


Component Development 


The major effort in the development 
of system components for fast power 
reactors is directed toward sodium 
components, i.e., pumps, valves, piping 
systems and heat exchangers. 

Although considerable advancement 
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FIG, 3. 


Irradiation results point up sharply beneficial effect of fissium (Fs) in fuel alloy. 


Alloy A had 11% Fs, remaining samples none; burnup was greatest for A 


has been made in sodium-component 
technology in the past ten years, it is 
still a relatively new field, and the ap- 
plication of sodium as a coolant has not 
found wide usage. 

Many types of sodium pumps have 
been built and operated successfully. 
However, whether electromagnetic in- 
duction, electromagnetic conduction, 
ecanned-rotor centrifugal, electromag- 
netic centrifugal or sump-type centrif- 
ugal, each has been designed to avoid 
It was 
long ago found that any direct seal 
would fail in an unreasonably short 
time. Besides the sealing problem, 
early workers in sodium pumping found 
that no conventional bearing would 
operate successfully in sodium. With 
special bearing materials and designs, 
it is now possible to operate centrifugal 
pumps with bearings submerged in 
sodium. 

Just recently, centrifugal sodium 
pumps of practical size for power- 
reactor applications have been oper- 
ated successfully with ‘‘hydraulie bear- 
ings.”’ A photograph and drawing are 
shown in Figs. 2 and 5. A-e linear- 
induction type and d-c-conduction 
type electromagnetic pumps have also 


using a moving sodium seal. 


been developed in large sizes. Because 
they are completely sealed and have no 
moving parts, they are finding particu- 
lar application where long-term leak- 
free, maintenance-free operation is 
required. 

The first of the six pumps for the 
EFFBR has been completed. It is the 
largest pump ever constructed for 
sodium service, with a capacity of 
11,800 gpm at a 310-ft head. It is a 
sump-type centrifugal pump with hy- 
draulically balanced bearings and a 
hydraulically balanced volute configur- 
ation. Thisunit employs an oil-backed 
end-face seal between the inert-gas 
blanket and the atmosphere. Opera- 
tional testing of this unit will be in- 
cluded in the nonnuclear test program 
scheduled for the test facility. 

Similar progress is being made with 
electromagnetic pumps for sodium. A 
5,000-gpm a-c linear-induction pump 
and 12-in. pipe loop have operated 
satisfactorily in excess of 6,000 hr at 
over 700° F. With minor modifica- 
tions to the controlled-voltage power 
supply, it has been possible to achieve 
very fine flow control (increments of 
1 gpm at low flow rates). 

A large d-c, electromagnetic pump 
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(Fig. 1) has just been placed into oper- 
ation but has not yet 
design capacity of 10,000 gpm at a 
75-psi head. The d-c the 
least temperature sensitive of the three 


reached its 
pump is 


types, and small models have been op- 
erated at temperatures over 1,500° F. 
The major difficulties with the large 
sizes are the 
required (250,000 amperes at 3 volts 
for this 


very large currents 


pump) and the problems 


_—~ Standard motor 


a 


> Labyrinth 


ee 


"_-~ Stilling baffle 


Hydroulic 
bearing 


Outlet a 
Iniet 


FIG. 5. Design of 5,000 gpm centrifu- 
gal sodium pump (shown in Fig. 2) using 
hydraulic bearing. Pump drove 12 in. 
diam sodium loop for more than 6,000 hr 
at head of 40 psi and sodium tempero- 
tures in excess of 700° F 


associated with current sources and 
conductors. 

Considerable difficulty has been en- 
countered with mechanical components 
—control drives, fuel-loading systems, 
etc.—operating in sodium or sodium 
vapor. It has 
modify conventional designs consider- 
ably for this service. The basic diffi- 


culty is associated with the very poor 


been necessary to 


lubricity of sodium and its excellent 
cleaning enhance 
galling of mating surfaces. A mock-up 
(Fig. 6) was constructed of the EBR-II 


primary system to test various com- 


properties, which 


ponents and, in addition, to establish 
the feasibility of the submerged concept. 

Development work is also required 
on new materials and their compatibil- 
ity with sodium. Work already under 
way has indicated the need for other 
materials than carbon steels and stain- 
less steels, including tantalum, zirco- 
nium, molybdenum and niobium. Al- 
though these materials are compatible 
with sodium, they exhibit sensitivity to 
oxygen in the sodium and perhaps to 
other impurities. It is unlikely that 
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these ‘exotic’’ materials will be used 


extensively. It is necessary, therefore 
to determine the effects of other mate- 
rials in the system. 

It is also necessary to determine th« 
operational limitations of the common 
structural materials, such as low-carbon 
steels. Here, again, the evaluations 
must be made in terms of other mate- 
the 


ample, a specific problem that must be 


rials in same system. For ex- 
resolved is the compatibility of carbon 
steel and stainless steel in a sodium 
system at high temperature; carbon 
steel is decarburized while the stainless 
steel is carburized, and sodium appears 
excellent vehicle for the 
If this is a serious problem 


to be an 
carbon. 
the limiting 
and oxygen 
determined. 


sodium temperatures 


concentrations must be 


Fuel Reprocessing 


Fuel 
conjunction with the fast-reactor de- 


reprocessing development in 


velopment program has been directed 
toward the nonaqueous or pyrometal- 
lurgical These 
offer considerable promise of reduced 


processes. processes 
fuel-reprocessing costs through: (1) sim- 
2) plant compactness, (3) re- 
fuel through 
ability to process short-cooled material, 


plicity, 
duction of inventory 
(4) retention of expensive alloying con- 
stituents and (5) production of waste 
fission products in concentrated form 
suitable for economic utilization or 
storage. 

These processes are particularly ap- 
plicable to fast-reactor fuels because 
fission products have small capture 
cross sections in a fast-neutron spec- 
trum and incomplete fission-product 
removal not affect reactivity. 
This permits achieving small fuel in- 
ventory by quick fuel cycling in small- 
capacity units located close to the 
reactor plant. 

For heterogeneous, metal-alloy, solid- 


does 


fueled reactors, the emphasis has been 
on the development of oxidative slag- 
ging for melt-refining the irradiated 
metal. In this process, volatile and 
gaseous fission products are evolved, 
and highly reactive fission products are 
removed by reaction with the crucible. 


Fast-Reactor Safety 


The major problem in fast-reactor 
safety is accidental core meltdown. 
To resolve this problem, a better under- 
standing is required of fast-reactor 
kinetic characteristics and instabilities. 


At the present time, EBR-I is being 
used to obtain such data. A new core, 
strongly instrumented for temperature 
measurements, is now in operation, re- 
placing the previous core, which was 
damaged during similar experiments. 
The new core consists of rod-type fuel 
elements tightly packed in hexagonal 
limit 
motions of the core during power oper- 


fuel assemblies to mechanical 


ation. This added rigidity is expected 
to depress the positive temperature 
coefficient and improve the dynamic 
stability. 
permitting series or 
flow through the inner blanket and core 


Provision is also made for 
parallel coolant 


of the new assembly, providing flexi- 
bility of operation. 

An understanding of core meltdown 
is required because the collapse of the 
core upon itself might increase the re- 
activity enough to cause a nuclear 
burst. Although the EBR-I core did 
melt without these results, it has not 
been established that this is impossible. 

To specify the course of such an 
accident it is necessary to know the 
history of uranium motion in time and 
space until resolidification has occurred. 
This involves such things as sodium 
boiling, the interaction of molten ura- 
nium with clad and structure and the 
refreezing of uranium during a time- 
and space-dependent heat input. 

Some theoretical analyses of simpli- 
fied models of the accident have been 
made. While they throw 
light on the course of events, they 


valuable 





TABLE 2—Calculated Equilibrium 
Composition of Fissium* (Based 
upon 5 Weight % Process Addition/ 
Cycle) 


U-Pu 
alloy 


Enriched 


Element uranium 


0.10 0.08 
0.01 Ol 
3.42 3.15 
Technetium 0.99 96 
Ruthenium 2.63 3.48 
Rhodium 0.47 60 
0.30 35 


Zirconium 
Niobium 
Molybdenum 


Palladium 
Total fission 
elements 91 9.67 
Balance: 
Uranium 92.09 70.33 
Plutonium 20.00 


* Fissium is the name given to the 
equilibrium mixture of fission products 
that will remain in the fuel after many 


process cycles. 
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demonstrate a clear need for experi- 
mental information to provide insight 
the mechanisms of failure and the 
probable behavior of the core following 
overheating. Except forthe accidental 
meltdown of the EBR-I Mark II core, 
however, there have been only a few 
experiments on electrically heated dry 
involving the 


into 


pins and some tests 
fluidity of molten uranium to guide 
theoretical studies. 

Fuel-element test facility. There is 
currently under construction a nuclear 
transient-test facility to study the 
transient behavior of fast-reactor fuel 
elements up to, through and beyond 
This facility, named TREAT, 


is actually a thermal reactor into which 


lallure 
large power bursts can be introduced 

The test sample will be over- 
heated under controlled conditions with 


various instruments reporting on the 
With this facility it 
should be possible to melt an enriched- 
uranium fuel element or cluster of fuel 
elements cooled by stagnant or flowing 


course of events. 


sodium on reactor periods of 20 msec 
or longer and to study the course of 
failure as a function of materials, mate- 
rial history and operational conditions. 

Nuclear burst analysis. A 
retical exploration of the characteristics 
of low-order nuclear bursts is also 
planned. The determination of the 
possible energy yields and pressures re- 
sulting from various configurations will 
provide a guide for reactor design and 
containment specifications. 

Analyses of this type have been per- 
formed on very simple systems and 
with experiment. These 
calculations have been coded for an 
IBM-704 calculator and have 
tested by matching the results of 
prompt excursions with the Los Alamos 
Godiva The calculations 
and the experiments, in general, com- 


theo- 


corre lated 


been 


assembly. 


pare satisfactorily. 

Calculations have been extended to 
unreflected uranium systems of lower 
U enrichment than Godiva. For 
these assemblies, critical mass and de- 
layed critical multiplication measure- 
ments are available, but prompt-burst 
experiments have not been made. 


Advanced Concepts 


LAMPRE-I, the first test of the 
Los Alamos molten-plutonium concept, 
will be followed by a much larger ex- 
periment intended to incorporate as 
many as possible of the features needed in 
a full-size power plant. LAMPRE-II 
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will be a flexible facility with provisions 
for substitution of alternate core de- 
signs. Included will be an integral 
fuel-handling and processing plant and 
a uranium breeding blanket. 

A general study of coupled fast- 
thermal systems has been under way at 
ANL for over a year. The major ad- 
vantage over the “‘all-fast’”’ system is a 
substantially longer prompt-neutron 
lifetime, which is achieved with only a 
small reduction in breeding ratio. 
Efforts to date have been primarily 


Ter minal — 


Electro- 
mognetic _ 
pump 








ae 
Pressure transmitter 


The above configuration appears 
suitable for both full-scale systems and 
also EBR-II sized systems. Critical 
experiments on coupled systems the 
size of EBR-II are now in progress. 

It is not believed that any major 
engineering problems will be encoun- 
tered with this system that differ from 
those faced in the case of the all-fast 
system or sodium-cooled thermal re- 
actors. The immediate objectives are 
to establish definitely the feasibility of 
the concept and to obtain a detailed 
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FIG. 6. Mock-up of EBR-Il primary system contains 5,000 gal of sodium electrically 


heated to 700° F, 


including complete fuel-transfer system and control drive. 
Experiment has operated satisfactorily for over 2}¢ yr 


has 1,000-gpm capacity. 


exponential and critical experiments on 
the general characteristics of fast- 
thermal systems and feasibility studies. 

The system currently believed to be 
the best possibility consists of a fast 
core surrounded by an inner blanket 
containing natural U, Na coolant and 
structural material, but no moderator; 
beyond this is a Be moderator and 
beyond that is an outer blanket of de- 
pleted U. The inner blanket serves 
the multiple purposes of core for the 
thermal system, reflector for the fast 
core and barrier for low-energy neu- 
trons between the moderator and the 
fast core. Thermal fissions in the 
inner blanket arise from neutrons that 
have been thermalized in the Be. The 
system is about 5% subcritical without 
the contribution of thermal fissions. 
The neutron lifetime is in the thermal 
range (approximately 2 X 10-® sec), 
and the breeding ratio is reduced about 
10% from the all-fast system. 


it contains essential mechanical components (scaled downed), 


Modified pumping system 


conceptual! design of the reactor system. 
The primary incentive for this exten- 
sive development program is utilization 
of uranium resources. The fast breeder 
appears to be potentially the most effi- 
cient reactor type to accomplish this. 
The same utilization will be required 
of our thorium resources if they are to 
make a sizable contribution to the 
world’s energy demands. For the 
present, it is believed that the U?** 
thorium breeder cycle can be accom- 
plished with thermal! reactors. How- 
ever, this has yet to be demonstrated— 
fast reactors may be required to achieve 
efficient utilization of thorium as well. 


” * * 


This article is based on the work of many 
people—far too many to recognize indwidu- 
ally. The author wishes to express his appre- 
ciation to all of them, in particular members of 
the staffs of Los Alamos Scientific Laboratory, 
the Power Reactor Development Company, 
Atomic Power Development Associates and 
Argonne National Laboratory. 
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REINFORCED-CONCRETE structure above thermal column 
and in front of reactor core tank shows spalling 


BIOLOGICAL SHIELD suffered this crack in front of reactor 
core tank as result of Round 10 





REACTOR TANK LID is ajar after 10 out of 12 retaining bolts 
gave way during 1,000 Mw-sec Round 10 explosion 


CORE CENTER SECTION as viewed from bulk 
shield tank after Round 5 (67 Mw-sec) 


CORE CENTER SECTION as viewed from bulk shield tank 
after Round 10 shows core mock-up disappeared 


rk 


March, 1958 - NUCLEONICS 





Simulating Nuclear Blast Effects 


Charges were set off to mock up nuclear excursions in a 14-scale reactor model. 


Damage suffered by the model indicates that the full-scale design can safely 


contain energy releases exceeding that in the maximum credible accident 


By JAMES R. BOHANNON, Jr. United States Air Force, ARDC, Wright Air Development Center, Dayton, Ohio 
and WILFRED E. BAKER Aberdeen Proving Ground, Aberdeen, Maryland 


CONTAINMENT SHELL SUPPORT of test 
model was breached by final and largest 
internal explosion 


Since the Air Force Nuclear Engineer- 
ing Test Reactor (AF NETR) (1) is to 
operate in a populated area (Wright Air 
Development Center, Dayton, Ohio), 
the design philosophy has, from the 
start, been to ensure absolute contain- 
ment of all activity released by the 
maximum credible nuclear excursion. 
The Borax experiments can be used to 
yredict the magnitude and rate of such 
an excursion in an MTR-type reactor 
such as AF NETR. However, at the 
time AF NETR was being designed 
there was little experience that could be 
used to predict the effect of such an en- 
ergy release on the reactor structure and 
shell. Although theoretical 
analyses on the effects of internal blasts 
on containment structures have been 
performed, seldom is the geometry so 
simple that conservative simplifying 
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salety 


assumptions (and consequent over- 
design) can be avoided. 

Therefore the AF NETR project 
office concluded it was necessary to 
evaluate experimentally the effects of 
a power excursion on the reactor struc- 
ture of the size predicted by Borax test 
data. It was concluded (2) that a 
geometrically scaled model subjected to 
internal blast from a similarly geo- 
metrically scaled explosive charge should 
suffer the same damage as would be 
expected for the full-scale reactor. 

A one-quarter scale model of the re- 
actor building within the safety shell 
was selected based upon the limits of 
scaling, costs, construction difficulties, 
and model workability. Blast test on 
the model showed that the design struc- 
ture can be considered safe for energy 
releases exceeding that expected in the 
maximum credible accident. Design 
changes based on the test results were 
incorporated to make the structure 
even safer. 


Test Procedure 


Millisecond-period reactor excursions 
were simulated in the test model by fir- 
ing appropriate charges (ranging from 
relatively slow-burning propellants up 
to explosives comparable to TNT) at 
the reactor core position. In all, ten 
simulated excursions were conducted, 
beginning with an equivalent energy 
release of 26 Mw-sec and concluding 
with a 1,000 Mw-see shot. For the 
larger energy releases only explosives 
were used because of the lack of space 


for placing the charge as well as the 
limited time available for developing 
firing and handling techniques for the 
propellant. 

Measurements were made of the time 
variations of the pressure, strains, dis- 
placements, and accelerations at vari- 
ous locations within the model. All 
firing had high- and normal-speed mo- 
tion picture coverage. After each de- 
tonation, an observation of the damage 
resulting from the firing was made. 
Attention was given to the directions 
of structural failures and pressure re- 
leases, the maximum energies imparted 
to both the reactor shield and struc- 
tural components capable of acting as 
missiles and the existence of sustained 
static overpressures in confined areas. 


Scaling 


Applying the test-model results to 
the full-scale design involves three as- 
sumptions: (a) reactor power bursts are 
realistically simulated by explosive and 
propellant charges, (b) the model is an 
adequate mockup of the full-scale sys- 
tem, and (c) scaling laws hold for blast 
effects. A discussion of the validity of 
these assumptions is on page 78. 

As to (a), a nuclear power excursion 
is characteristically exponential in form. 
An explosive is essentially a step release 
of energy with an associated shock 
wave while propellants produce signifi- 
cant pressure rises in the media without 
a shock wave. The latter, therefore, 
would more closely simulate energy re- 
lease of a nuclear power excursion or 


75 








chemical explosion (e.g., aluminum- 


Summary of Test Results 


water reactions). In any case, Borax 





data indicate that the energy release 


Round Kind of Energy release (Mw-sec) 


, : : rate in a nuclear power excursion is 
number simulation Actual Full-scale equivalent 


much slower than for either explosives 





1 Propellant 0.404 26.0 


Damage limited to center core tank section. 





2 Propellant 1.47 94.1 
Damage more severe than Round 1, but limited to immediate vicinity of 
core center. Shielding in thermal column displaced about 6 in. 





3 Propellant 4.34 278 
Damage to all sections of core tank severe. Simulated graphite window dis- 
placed into bulk shield facility about 34 in., flooding of test cells and base- 
ment. Shielding in thermal column displaced length of column and im- 
pinged on doors, displacing roll door 1 in. Test cell roll doors displaced 
several inches. (Roll doors were free to move on casters.) 





4 Explosive 0.336 21.5 
Damage to core tank severe Graphite window into bulk shield crushed, 
but not displaced. Shielding in thermal column displaced length of column. 
Thermal column roll door displaced 24 in. Both test cell roll doors dis- 
placed about 1} in Damage about equivalent to Round 3.) 





5 Explosive 1.05 67.2 
Damage to core tank severe. Graphite window into bulk shield facility 
crushed, and upper half projected into pool, resulting in very rapid flooding 
of test cells. Thermal column roll door displaced 834 in., with 3.9 ft/sec 
maximum velocity. Test cell roll doors displaced about 144 in. 





6 Explosive 3.15 202 
Damage to core tank more severe than Round 5. Graphite window into 
bulk shield facility completely demolished and projected into pool as small 
fragments. Thermal column roll door displaced 45 in., with maximum veloc- 
ity of 18.8 ft/sec. West test cell roll door displaced 13 in., east one 12 in. 
First damage to fixed parts of model occurred, with extensive hairline 
cracking of concrete adjacent to core tank. Equipment room west of bulk 
shield facility flooded to 5 in. depth by pipes from test cell. 





7 Explosive 6.31 404 
Severe damage to core tank. Ten of twelve bolts holding top plug fractured 
or stripped threads in nuts, and projected upward with velocities up to 35.6 
ft/sec. Plug lifted about 6 in., and returned, held by two bolts. Damage to 
graphite windows same as on Round 6. Thermal column roll door driven 
length of its tracks, with maximum velocity 27.8 ft/sec, impinging on outer 
wall. Cracking of concrete adjacent to core tank severe, necessitating repair 
before remaining firings 





8 Explosive 0.336 21.5 


This round was a repeat of Round 4. Damage was nearly identical 





9° Propellant 3.09 198 


Damage intermediate between that of Rounds 2 and 3. 





10 Explosive 15.64 1,000 

Very severe damage to core tank. Ten of twelve bolts holding top plug 
fractured, and projected upward with velocity of 130 ft/sec. Some welds in 
test cell assembly broken. Thermal column roll door driven length of its 
tracks and impinged on wall, initial velocity 41.0 ft/sec. West test cell roll 
door blown off tray, against outer wall, and badly cracked. East test cell 
roll door driven against wall. Movable bridge over bulk shield facility 
thrown up and over south lip of model Damage to fixed parts severe, with 
cracks up to 2 in. in width near core tank. Outer wall breached in one place 
and displaced outward about }4 in 


or propellants. Thus the use of ex- 
plosives and propellants in these tests is 
believed to produce ‘“*conservative’’ re- 
sults—i.e., the damage should exceed 
that in the real situation. 


Test Results 


Specifically the explosives showed 
(2) essentially step increases (within a 
few microseconds) to maximum pres- 
sure. The propellant mixtures were 
an order of magnitude slower (0.05 
0.9 msec). For a Borax-type burst 
3) 80% energy release would be com- 
pleted in about 1.5 msec in the model 
or 6.0 msec in the prototype. 

In the construction of the model 
see p. 74) all structural concrete sur- 
rounding the core and major appurte- 
nances such as walls, slabs and footing 
were made as nearly identical to the 
prototype as was practical. The model 
did not include the safety shell since it 
would be of no experimental value* and 
would only interfere with camera ob- 
servations. Within practical limits, 
components likely to become missiles 
were simulated. Scaling factors were 
used in all details, e.g., the sizing of 
aggregate, reinforcement rods and 
placement of structural penetrations. 
All materials and their densities and 
elastic and plastic properties were made 
as identical to the prototype as possible. 
Certain variations from the prototype 
were made in the model to test pro- 
posed design changes. These included 
the shaping of the irradiation test cell 
shield down doors as trapezoidal sec- 
tions to allow early venting of the cells, 
integral floors and walls, unkeyed con- 
struction joints connecting the periph- 
ery wall with the biological shield and 
the bolting of the top plug to the 
reactor tank. 

Scaling considerations (2) resulted in 
the following ground rules. Strain- 
time and pressure-time histories in the 
full-scale design can be derived from 
the model results by maintaining am- 
plitudes constant and expanding times 
by a factor of four. Masses projected 
out in the actual reactor will have the 
same initial velocities as found in the 
model. For energy release compari- 


* Results of this round should be disregarded, since the propellant did not burn 
completely. 


* Damage to the safety shell, if any, could 
be predicted from observed damage to the 
outer perimeter of the model structure. 
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a 1,000 Mw-sec excursion in the 
ototype can be simulated by a 238-kg 
C-3 explosive charge. The geometri- 
'y scaled charge simulating this excur- 
on in the one quarter scale model 
ould weigh 3.7 kg. 

Comparison of the results from the 
propellant and explosive releases shows 
1 strong dependence of damage on rate 
Round 3, with a full- 

ile energy equivalent of 278 Mw-sec 

leased relatively slowly by a propel- 

int, produced damage about equiv- 

ilent to Rounds 4 and 8 in which ex- 
plosives released full-scale energy 
equivalents of only 21.5 Mw-sec. 

Concrete parts subjected to large 
extensive cracking, 
splitting and some spalling while all- 
steel parts strains exceeded 
elastic limits were distorted but intact. 

The pressure impulses in the under- 
water parts of the model were only one- 
tenth to one-third as great as those 
expected of pure underwater blast. 
By contrast, the test doors and thermal 
columns, which were relatively free-air 
areas, showed appreciable increases in 
loadings compared with pure free- 
These results clearly indicate 
that the energy from the explosion was 
effectively ‘““vented”’ from the core to 
the air volumes with a corresponding 
reduction of underwater blast loads on 


of energy release. 


strains showed 


whose 


blasts. 


other parts of the model. 

Since no appreciable long-time pres- 
sure rises showed up in the subpile or 
equipment rooms, pressure escape from 
the core tank, test cells and bulk shield- 
ing facility was quite low. Blast pres- 
sures in Round 10 (1,000 Mw-see full- 
scale equivalent) escaping the surface 
of the bulk shielding facility were only 
0.6 psi in amplitude. 

he first visible damage to the bulk 
structure around the reactor core oc- 
curred in Round 6—a full-scale reactor 
excursion of 202 Mw-sec simulated by 
an explosive. This damage consisted 
only of hairline cracks in the concrete 
next to the core tank, a slight move- 
ment of the thermal column door and 
the blowout of the graphite window 
into the bulk shielding facility. Con- 
tainment was not compromised. No 
damage, other than hairline cracks, oc- 
curred to the basement floor or interior 
of the subpile room. 

In Round 7 (404 Mw-see full-scale 
equivalent) a slight widening of the 
cracks from Round 6 were noted to- 
gether with a greater movement of the 
thermal column door and graphite win- 


AEC Containment Studies 


Although the AF NETR model tests gave useful information for that particular 
design, everyone agrees that extrapolating the results to other reactors would be risky. 
In contrast the AEC’s program in this area is geared to produce fundamental contain- 


ment data that would be useful for whole reactor families. 


for this work are held by: 


The major AEC contracts 


Naval Ordnance Laboratory, White Oak, Mary:and, is conducting static and 
dynamic tests on water-filled steel and stainless-steel cylinders to determine optimum 
containment design for reactor pressure vessels. 

The Ballistics Research Laboratory, Aberdeen Preving Ground, Maryland, is 
continuing experiments to assess the blast resistance of vapor containment shells 


of reactors. 
structures. 


Model tests are designed to assist in developing scaling laws for such 


Stanford Research Institute, Menlo Park, California, is studying containment of 
missiles which may result from a core vessel explosion. 


Armour Research Foundation, Chicago, Illinois, is doing theoretical and experi- 
mental work in containment, especially relating to the design of blast shields as a device 


for attenuating effects of an excursion. 


Argonne National Laboratory is initiating a study of containment philosophy and 


practice in relation to research and power reactors. 


From this study will come a clearer 


picture of the “‘state of the art,” including economics of containment. 





dow. In addition, ten of the twelve 
bolts holding the top plug of the reactor 
tank fractured or stripped their threads. 
Again this damage would not have com- 
promised containment in the full-scale 


design. Round 7 exceeded the total 


energy release predicted by the Borax 


experiment analysis (3). 

Round 10, the final and largest of the 
blasts, caused damage severe enough to 
endanger reactor containment. The 
concrete wall that supports the upper 
containment shell at the first floor level 
was breached and displaced about half 
an inch. Even so, because of the 
structural weakening of the model 
by Round 7, one can argue that 
the results of Round 10 were ex- 
tremely conservative and would not 
have compromised containment. 


Conclusions 


The test results lead to the conclusion 
that, with minor modifications in its 
design, the AF NETR containment 
structure can be considered reasonably 
safe for energy releases up to 1,000 Mw- 
sec. This is approximately three times 
the maximum energy release in the 
maximum credible nuclear power ex- 
cursion for the NETR. 

The most important of the modifi- 
cations is the incorporation of a shock 
break gap at the intersection of the 
east wing wall and the circular outer 
wall between the basement floor and 
the first floor east of the reactor core. 
The gap is designed to prevent direct 


transmission of a blast shock from the 
wing wall to the periphery wall. Minor 
changes include the elimination of bolts 
in the top plug that might act as 
missiles, securing the thermal column 
door, providing a position holddown 
for the instrument bridge over the BSF, 
venting of the basement area to prevent 
overpressures exceeding the designed 
working pressure of the tunnel doors, 
and the placing of ¢ steel face over the 
reactor biological shield to eliminate 
spalling or missile effects. 

There is no doubt that the structure 
will be very much safer than neces- 
sary, and would probably contain a 
nuclear excursion several times the 
total energy release of 1,000 Mw-sec be- 
cause of the drastically reduced dam- 
aging capabilities of the relatively 
slow nuclear excursion compared with 
explosives. 


The continued assistance of Messrs. Eric 
Wang and J. C. Noble and Lieutenant R. J. 
Mayerjak of the Effects Division of the Air 
Force Special Weapons Center-ARDC to the 
Air Force Nuclear Engineering Test Facility 
project office in the planning and review of 
the tests is gratefully acknewledged. 
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Comment on “Simulating Nuclear Blast Effects” (P. 75) 


Using the blast tests on the model to draw conclusions 
about the safety of the full-scale reactor is justified only if 
one is convinced that the explosive and propellant charges 
provide reasonable imitations of a nuclear excursion and 
that the blast damage does, in fact, obey the suggested 
scaling laws. That opinion on these points is somewhat 
divided can be seen from the following comments supplied 
to NUCLEONICS by other people in the field 


Comment by 
F. B. Porzel 


(Armour Research Foundation) 


©The authors describe a worthwhile experiment on an 
over-all test of reactor containment designed against chemi- 
cal-type explosions. However, since the reactor was de- 
signed before the test occurred, it is almost a tautological 
remark that the design must have leaned heavily on theoreti- 
cal considerations. Because the damage was approximately 
as expected from theoretical considerations, I believe that 
the tests are therefore a comforting corroboration of the 
theoretical concepts and that, despite the necessity for 
“conservative and simplifying assumptions,’’ the theory 
evidently does not result in the excessive overdesign. 

Considerable caution must be exercised in interpreting 
the effects of scaling in general and, in particular, the effect 
of the duration of the energy release. Close to the source, 
an explosive release of short duration will produce higher 
pressures than an explosion of long duration. However, at 
long enough distances, all the energy from the explosion 
must eventually appear as ‘‘waste heat’’ produced by the 
entropy change across the shock front. This ‘‘waste heat”’ 
is in turn a strong increasing function of the pressure in the 
shock. If the pressures are low near the charge, the dissi- 
pated heat is correspondingly low. Hence, it is always true 
that ‘‘far enough out’’ the energy available from a slow 
reaction will be larger than the energy available from fast 
reaction; as a result, the peak pressures from the slow reac- 
tion will be higher. 

Unfortunately, the point at which the curves cross is 
most likely to be found near the ‘‘dynamic crushing strength”’ 
of the material. Beyond this the wave is essentially elastic 
and because the pressure may be quite high there may still 
be danger of structural failure. In some typical explosive 
media, a short duration explosion may dissipate 99% of its 
energy before the pressures fall to levels which can be con- 
trolled by structural design, whereas a long duration ex- 
plosion may have dissipated only a small fraction of its 
energy at the same distance. Thus the propellant is efficient 
at relatively low pressures—like pushing a projectile out of 
a gun tube—in contrast, an explosive is efficient at high 
pressures—like shattering a shell case. 

The results from the experiment described can only be 
interpreted as follows. Evidently, the damage observed 
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and evaluated by the author was at pressure levels high 
enough so that the pressure-distance curve from the propel- 
lant was still below the pressure-distance curve from the 
explosive; the test results at these distances should then 
be conservative compared with a slower rate of energy re- 
lease. However, at larger scale distances, in other media, 
or in terms of damage from impulse criteria, the propellant 
will produce larger damage than explosives; test results 
from TNT would not be conservative for low pressure 
damage from a slower chemical explosion. 

The peak pressure distance curve is so enormously de- 
pendent on the geometry and type of media that each reactor 
will probably always have to be designed on its own merits. 
Once a reasonable design is made, as was done here, the 
test of a quarter scale model is appropriate to be certain 
that ‘‘no unseen giants’’ have been overlooked in the design. 
However, such tests will always be more a proof of a specific 
design than a means of providing design criteria for other 
situations: different geometry, absorbing media, pulse dura- 
tions or vastly different explosion releases 


Comment by 
R. W. Deuster 


(Babcock & Wilcox) 


® 1 am first concerned with the statements about geometric 
scaling. The argument for scaling is correct only as long 
as the elastic limits of the material are not exceeded. H.N. 
Brown, the author of an appendix to the original report, 
points this out, but the article fails to mention it. Brown 
further states that for the plastic flow regions, scaling is 
approximately true if the strain rate is not too large. Of 
course, one can accept these premises, but if one actually 
is dealing with strong shocks as a result of explosive chemical 
reactions, then the materials are plastically deformed, the 
strain rates are too large and the scaling goes to pot! There- 
fore, only at distances from the source of the shock where 
the elastic limits of the materials are not exceeded, can 
scaling give accurate results. 

The second point I would like to comment about is the 
statement that ‘‘the use of explosives would produce 
‘conservative’ results.”” While I tend to agree in general 
with this idea, I do not feel the experiments have proven 
this result. I call your attention to Porzel’s analysis* of 
chemical reaction rate, where he states that “inhibition of 
the reaction is untrustworthy as a safety precaution alone 
unless the time of energy release be lengthened at least to 
a considerable number of seconds.’”’ One of the reasons 
for citing this precaution is that the strength of the shock 
and the nature of the deformation characteristics of the 
material absorbing the shock must be considered. What 
may appear to be a correct analysis for one shock strength 
and material need not be the case for another combination. 


* ARF No. D090 (June 21, 1956). 


March, 1958 - NUCLEONICS 





J. R. Bohannon, Jr. W. E. Boker 


The Authors Reply to Porzel . . . 


Porzel states that ‘‘the design (of the AF NETR) must 
have leaned heavily on theoretical considerations (of blast- 
resistant design).’’ First, the design was based primarily 
on the functional requirements of the reactor itself and on 
the considerations of biological shielding for protecting 
operating personnel. These features alone assumed pro- 
portions which appeared to be capable of resisting a blast 
comparable in magnitude (total energy wise) to the maxi- 
mum credible incident. In addition, those features of the 
design which related directly to blast resistance, such as the 
trapezoidal shape of the outer test cell doors, the keyed or 
hock-break joints and shelf-type floors, were included in 
the model on an intuitive basis rather than on theoretical 
onsiderations of the response to blast loading. (The 
geometry was considered too complex for rational blast- 
resistant design.) Therefore the tests should not be con- 
sidered as “a comforting corroboration of the theoretical 

(of blast-resistant design),’”’ as Porzel suggests 

id, they provide evidence that this specific reactor 

ign was blast-resistant enough to ensure containment of 

ictivity released even under the most violent power 
irsion credible in the reactor. 

Porzel’s remarks on the effects of energy available from 

slow reaction being greater than that from a fast reaction 

r enough out”’ from the source are quite correct. How- 

it is believed that his suggestion that the pressure-vs- 
distance curves for a slow reaction and for a fast reaction 
cross near the dynamic crushing strength of the material 
thru which the shock is transmitted is not corroborated by 
the results of these tests. If his suggestion were true, the 
energy released by the propellant bombs would always have 
produced greater pressures and more damage to the model 
than equivalent explosively-released energy, since pressures 
during all tests were below the dynamic crushing strength 
of the material everywhere in the model except in the 
immediate vicinity of the core. Exactly the reverse was 
true; the pressure and damage were greater for explosives 
than for equivalent propellants. 

There is other evidence that the cross-over of the peak 
pressure for slow and fast reactions occurs quite far from 
the energy source. H. L. Brodet compares the air blast 
waves from an explosive source to that from a sphere of high 
pressure gas, suddenly released. The pressure from the 
sphere of gas lies well below that from the explosive out to 
over-pressures of 10 psi. Therefore, Mr. Porzel’s statement, 

test results from TNT would not be conservative for low 
pressure damage,”’ is only correct if the structure is so weak 
that it will suffer significant damage from very weak shocks. 
The authors feel that their conclusion that slower energy 
release rates are less damaging than rapid ones, and that an 
explosive will consequently produce conservative safety test 
results, is quite valid. 


tJ. Appl. Phys. 26, No. 6, 766 (June, 1955). 
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. . « And to Deuster 


Mr. Deuster is quite correct in his remarks that elastic 
response of the structure was presumed in the analysis of 
structural response scaling, given as Appendix I in reference 
(2), which formed a basis for the tests. However, it has be- 
come apparent from other analyses that the presumption of 
elastic response is not required for validity of geometrical 
scaling. Perhaps it should be mentioned that “‘geometrical 
scaling ”’ implies that al] characteristic dimensions of both the 
structure and the explosive loading source are reduced by the 
same scale factor in the model, while all material properties 
are maintained constant. Although scaling of plastic struc- 
tures is difficult to demonstrate without resorting to some 
rather involved mathematics, perhaps an example of the 
response of one structural element will suffice to show this 
fact. 

The permanent deformation of a “‘rigid-plastic’”’ beam 
subjected to blast loading has been predicted by F. J. Allen 
and F. Rally.t A simply-supported beam is assumed to be 
rigid under blast loading until a critical bending moment is 
reached at some cross-section, at which time the beam 
“hinges,”’ or plastically deforms, until the moment drops 
below the critical value. The permanent deflection of the 
center portion of such a beam subjected to a blast load of 
peak over-pressure P and duration T' is given by: 


bp fr»? 08 (bPT)? 
=e _- =| ‘Os 
v"Ap\2° oT 12ApM, 


(z — 1) 


In this expression, ) = beam width, p = beam material 
density, A = beam cross-section area, M, = critical mo- 
ment, 1 = beam length, «x = distance from beam center and 


The deformation of a similar beam with all dimensions 
scaled by factor k, caused by a scaled blast load of peak over- 
pressure P and duration 7’ = k7, will now be computed. 
For the model, b’ = kb, x’ = kX, l' =kl, A’ = k*A, 
My = k*Mo, ’ = ky. Substitution of these scaled values 
in the above equation yields the result that y’ = ky, or 
that the deflection of the model is just k times the deflection 
of the original beam. Therefore, geometrical scaling holds 
for this plastic response model. 

Geometrical scaling has also been found to hold for the 
“elastic-plastic’’ spherical shell to internal 
blast loading, and for other simpler elastic-plastic response 
problems. (In elastic-plastic response problems, the ma- 
terial is assumed elastic until yield stress is reached, at 
which time plastic flow is assumed until rupture occurs or 
motion stops.) 

Furthermore, an empirical fragmentation law tells us that 
the initial velocity of fragments from the casing of an en- 
cased explosive charge is a function of a single parameter, 
the ratio of weight of explosive charge to weight of casing. 
If we geometrically scale such a charge, this ratio remains 
constant and the fragment velocity is unchanged, which 
agrees with our premise of scaling of structural response. 

It therefore appears likely that the geometrical scaling 
employed for the AF NETR model tests is valid for quite 
large strain rates, for materials deformed plastically, and 
even for materials deformed to rupture. 


response of an 


+ A plastic-rigid theory of the response of beams to air blast 
loading, BRL Memo. Report No. 811 (July, 1954). 
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Between this (Godiva I, after accident) .. . 


and this (Godiva ll), liemany . . . 


Critical-Assembly Booby Traps 


By HUGH C. PAXTON Los Alamos Scientific Laboratory, Los Alamos, N. M. 


1. Unanticipated motions in scram can cause burst 


A modification to our water-reflected oralloy assembly The 
Aquarium (below, left) resulted in our first remote, acci- 
dental burst. Designed originally for determining the 
neutron multiplication of a single piece of fissionable metal 
in water, it included, as one scram, a pneumatic cylinder 
that raised the unit out of the water. A traveling support 
and a second unit was added, so that distances between 
two units could be determined, and a dropping Cd screen 
was provided as an additional scram. When scrammed, 
local radiation detectors went off scale and a cloud of steam 
showed on the monitoring television screen. Reconstruc- 
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tion showed that the pneumatic scram was the first to be 
effective and led to two types of difficulty: (a) the center of 
reactivity of the left hand cylinder was below that of the 
stationary cylinder, and (b) the rapid lift through the 
water brought the two cylinders together. The total 
burst of ~10!7 fissions probably came from several inde- 
pendent bursts separated by bubbling. The well-known 
sensitivity of systems like this to separation as the critical 
value is approached makes it easy to be misled by extra- 
polation of the reciprocal multiplication curve (below, 
right) in evaluating the safety of a next step. 
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2. Human error 
in calculating criticality 


\t right is Jemima, another assembly 
which we had trouble—this 
irithmetic. During buildup 

elayed critical, indication that 
idded plate of enriched uranium 
| make the system supercritical 
ertain margin was erroneously 
rpreted as meaning that it was 
ritical by that same margin. 

\ too-rapid assembly (even though 

trolled increments were avail- 
led to a burst of 7 X 10'* fis- 

but no damage. A plot of 

lata (far right), omitted in this 

case even though called for by our 
erating regulations, could hardly 
been misinterpreted, but sure 


nough it was. 


3. Too-rapid approach 
to criticality 


yur Honey comb assembly (right ), 
| a burst for which we still can 
clear stopping mechanism 
than the relatively sluggish 
ms. Here, the active region 
formed by long sandwiches of 
l-uranium foil (0.005 in. 

ind graphite that slipped in- 

Al matrix tubes. Too large a 
in the core, and incautious 
ssembly, led to a burst of 3 10" 


fissions. The initial part of the 
bly motion was fast, the final 
part slow, and the system became 


before the slow range was 
but the foils were not 








4. A near miss— 
“safeties” weren't safe 


Apparently innocuous changes in an 
issembly can have véry surprising 
ts. In another Honeycomb as- 
lower right), a potentially 

risky situation could easily have 
yped had we not been feeling 

our way carefully and deliberately. 
Evolution had led from an assembly 
ntaining thin Be islands, in which 
lrawal of Be and fuel proved 
ost effective safeties, to this as- 
sembly, in which the first 6 in. of 
safety’’ motion (simultaneous with- 
val of Be and fuel rods) gave a 30- 

ent reactivity gain. Within this 
the fuel rods were ineffective 

ind the Be made a positive reactiv- 


1b} ntribution. 
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Note: 1.67 kg added to one end 
equivoient to A y= 0.01 
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How Xenon Oscillations Arise 


Initial tilt in power distribution (solid curve, first diagram) causes 
tilt of xenon poison concentration (dotted curve) in opposite 


direction. 


This in turn amplifies power tilt (second diagram). 


Later, decay of stored-up xenon precursors reverses xenon 
curve, causing power distribution to tilt in other direction (third 


and fourth diagrams). 


Resultant power oscillation will con- 


tinue unless stopped by differential motion of control rods in 


two halves of core 


Xenon Spatial Oscill 























ations 


Because of the feedback between reactor power and xenon production rate 


spatial oscillations in power can exist even though total power is constant. 


To avoid these, designers should provide independent control of local regions 


By D. RANDALL and D. S. ST. JOHN 


Savannah River Laboratory, BE. I 


A LARGE THERMAL REACTOR 
ing at sufficiently high flux levels is 
subject to oscillations in the power dis- 
tribution that are 
periodic redistribution of xenon poison. 


operat- 


associated with a 
Consider a reactor operating at con- 
stant total power and at xenon equi- 
librium. The introduction of a small 
tilt in the flux shape, for example from 
top to bottom, causes the xenon to 
burn out more rapidly at the top and 
less rapidly at the bottom, while the 
local rates of formation of xenon from 
iodine decay remain nearly constant 
forsometime. Thereactivity increases 
then at the top of the reactor and de- 
creases at the bottom, amplifying the 
flux tilt. The power peak at the top of 
the reactor is limited by the control 
devices that total 
power, and by the amount of reactivity 
that can be added by the burning out 
of xenon. Ultimately the growth of 
xenon from the iodine that is now form- 


maintain constant 


ing more rapidly at the top and the 
radioactive decay of xenon at the 
bottom reverse the reactivity distribu- 
tion, and the power then peaks in the 
bottom of the reactor. 


These oscilla- 


du Pont de Nemours & Co., I nc.. 


A iken > S. 


tions persist unless control poisons are 
moved so as to counteract them. 
Xenon oscillations can occur only at 
high flux levels, at which the rate of 
xenon burnout is important relative to 
the rate of xenon decay, and in large 
reactors, in which small local changes in 
reactivity result in extended changes in 
the power distribution. The possibil- 
ity of such oscillations must be taken 
into account in hazards studies for 
this kind. 


tion adequate to detect changes in the 


reactors of Instrumenta- 
power distribution and control systems 
flexible enough to allow the operator to 
flatten power peaks can prevent dam- 
age to the reactor from this source. 


Oscillation Threshold 

Xenon oscillations can persist only 
above a threshold value for the neutron 
flux that depends mainly upon the size 
and the flux distribution of the reactor. 
Ward (1) has presented a perturbation 
method for computing this threshold 
for power distributions that are propor- 
tional to the fundamental solution of 
the boundary value problem associated 
with the shape of the reactor. Henry 


and Germann (2) have considered the 
special case of two reactors coupled by 
a diffusing medium. This model al- 
lowed them to solve the nonlinear pile 
equations on an analogue computer 
without considering the detailed flux 
distribution. 

We have extended the perturbation 
method of Ward to reactors with power 
distributions that differ significantly 
from the fundamental shapes and have 
developed methods that predict the 
oscillation threshold with a minimum 
of computation. These considerations 
lead to the following simple recipe for 
estimating the oscillation threshold in 
a reactor with an arbitrary power 
distribution. 

The threshold for oscillations in the 


jth mode of the flux distribution is given 


level, @, that 


by the average flux 


satisfies 


M?2B,? ar 
( ya — —T % =f(¢) 
. as As 


] 
1+ 4A, os 
1 + (Az + Ai)/o.g 
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a, is the reactivity held by xenon at 
very high flux, M?* is the migration 
area, B,? is the geometrical buckling, 
and ar is the temperature coefficient, 
expressed in terms of reactivity per 
The function, f(¢), depends 
only upon the decay constants of 
Xe! \, and of I'**, \,; the fraction 
y. of Xe formed directly from 
fission rather than through I™* (which 
fraction is denoted by y,), and the 
xenon section, o,. Figure 1 
shows f(@) for the value of o, that is 
quoted in the table. Figure 1 can be 
used for any other value, ¢,’, by multi- 
plying the ordinate, ¢, by o./¢,’. 

The dimensionless parameter, A;, de- 
pends only upon the shape of the flux 
distribution and is equal to the differ- 
ence between the eigenvalue of the jth 
mode of the flux distribution and the 
eigenvalue of the fundamental mode, 
divided by the geometrical buckling. 

The procedure for estimating the 
oscillation threshold is to compute A, 
by one of the three methods listed be- 
low, to multiply this by (M?B,?/a,), to 
subtract (@7/a,) times an estimated 
flux threshold, and to look up the 
threshold flux from Fig. 1. This value 
can then be used to improve the term 


unit flux. 


cross 


containing the temperature coefficient 
in the next iteration. 

@ For a reactor that has a flux distribu- 
tion equal to the geometrical mode, 
the eigenvalues of the modes of the 
flux identical with those of the 
geometry. In the case of a cylindrical 
reactor, the flux distribution and the 
geometrical buckling are both separable 
into an axial and a radial component 
and the threshold for oscillation can 
be estimated for component 
The axial component of 


are 


each 
separately. 


the flux distribution is sinusoidal 
and the fundamental eigenvalue is 
(r/H)*. The higher eigenvalues are 
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(j + 1)*(7/H)?, so Ay is three, Ae is 
eight, and so on. The radial com- 
ponent has a fundamental eigenvalue 
of (jo,:/R)*, with higher eigenvalues 
equal to (jn,:/R)*, so Ai, is 2.539 and 
Ao,2 is 5.269. Usually only the lowest 
value of A concerns us. This simple 
estimate of A; is adequate to show that 
most small research or package power 
reactors are too small to maintain 
xenon oscillations. 

e For power distributions that do not 
differ greatly from the fundamental 
geometric mode (i.e., the flux is flat in 
no more than the central 40% of a 
linear dimension), it is fairly accurate 
to assume that the higher eigenvalues 
of the flux modes are identical with 
those of the geometrical boundary- 


value problem. For this case 


( _ fBY2aV 
A; = —[«?—- a 
B, 


ffPdv 
where «;* and f; are defined by 
V9; + Ki; = 0 


with the f; satisfying the same bound- 


ary conditions as the flux. For a 
sinusoidal flux shape, x; = (7 + 1)B,, 
> . th 
and f; = sin (7 + 1) —- 
fi . H 


¢ For flux distributions that differ sub- 
stantially from the fundamental geo- 
metrical distribution A; is found from 


V'9; + Bg; + A;B,*9; = 0 


where B? is the space-dependent mate- 
rial buckling that determines the un- 
perturbed power distribution in the 
hot, poisoned reactor. The flux dis- 
tribution go(Ao = 0) can be deter- 
mined by iteration techniques for 
which high-speed computer codes exist. 
Modification is required to adapt these 
codes to determine A, and 9g). 


For a_ three-dimensional reactor, 




































































oscillations can occur about any axis. 
The lowest A must be determined for 
each mode from the appropriate g;. 
As an example, we consider a cylindri- 
cal reactor with a flat power distribu- 
tion. Here go is a constant, Ao is zero, 
and B,? is (r/H)* + (jo:/R)*. For 
axial oscillations, g;,o is cos (wh/H) and 
Ao is (r/H)*?/B,*. For oscillations 
about a diameter, go,, is J,(1.841 
r/R) cos 6, and Ao,; is (1.841/R)*/B,? 
{1.841 is the lowest x for which J;(z) 
is a maximum]. If the height of the 
cylinder is equal to its diameter, Aj,o 
is 0.299 and Ag, is 0.411. As the 
average flux level is increased, axial 
oscillations would be encountered first. 
If these oscillations were suppressed 
by suitable control-rod motions, and 
the power raised still further, oscilla- 
tions about a diameter would start. 


Mathematical Formulation 


Since the xenon oscillations are ex- 
pected to occur only in large thermal 
reactors, the distribution of thermal 


flux can be treated by one-group 
diffusion theory 
V*¢ + B*g = 0 (1) 


where @ is the neutron flux and B? is 
the space- and time-dependent mate- 
rial buckling of the hot, poisoned pile. 
Equation 1 implies that the oscilla- 
tions are slow compared with the 
effects of the delayed neutrons, so 
that at any time the flux shape is de- 
termined primarily by the spatial 
distribution of B* As shown by 
Ward (1), the period of the xenon os- 
cillations is 20-30 hr. 

The equations governing the concen- 
tration of Xe'** at any point in the 
reactor are 


di 


— os 2¥i — At 
2 oo. v 


























dz ; ; with two modifications. The effect of turbations, and ar and a, are coeffi- 
dt Bimrete t AA — At — 0,2 power coefficients is included and the cients that express the dependence of 
solutions are expanded in terms of the B* on changes in flux and Xe! 

where 7 is the concentration of I'** rela- eigenfunctions of the boundary value concentration. 
tive to the equilibrium concentration problem for the actual buckling dis- Subtracting the original unperturbed 
of Xe’ that is reached at very high tribution. These modifications allow equations from this new set of equa- 
flux levels; x is the concentration of estimation of thresholds for practical tions gives 
Xe'* relative to its saturation value; cases. 
and the other symbols have the mean- To start. substitute the following Vig’ + BY ¢' 
ings given earlier into Eqs. 1 and 2 “ = $'c-7; 

Perturbation Solution o=o*+¢' dy! 
B? B® + ard’ » ‘ — = 9a, 

x=2*+27' dt 

1=1*+7' — 7.2%! 


Ward (1) assumed small perturba- 
tions and linearized Eqs. 1 and 2 to 
determine the oscillation threshold 
(near which the assumption of small where the starred quantities are solu- The time derivatives in Eqs. 4 can 
perturbations is a good one). His tions of the unperturbed equations, — be eliminated by searching for solutions 
method of solution is repeated here the primed quantities are small per- of the form 





How to Prevent Oscillations Substituting into Eqs. 4 yields 


, . . . . . . . . 2 ” 2° ” edbe * ” 

Xenon-induced oscillations in the power distribution can exist V*o" + Bo 9° apt 
only in reactors that (a) operate at flux levels where xenon burnup is + $*arg” = 0 
appreciable and (b) have “‘large’’ cores—cores having a linear dimen- = ~"a.7:i — A" (6) 
sion whose square is larger than the neutron migration area by a ww” = boy: + Ad” — A,” 
factor of 1,000 or so. This last requirement can be easily checked by — o*0,2" — o,2*o" 
remembering that the square of the linear dimension in feet must 
exceed the migration area in cm? for oscillations to occur. Thusina Flux-Shape Eigenfunctions 
light-water reactor with M? of 50 cm’, we would worry about oscil- - ‘ . 
; ; F F a : The perturbation amplitudes of 
lations if one of the dimensions of the core were 7 ft or longer. = : < 
Eqs. 5 can be expanded in terms of 

Physically this means that oscillations of this kind are possible the orthonormal eigenfunctions, gi, of 
whe e core gets so large the woo > regions begin to function 

hen th gets so large that two or more regions beg unctio the boundary-value problem that has 


as independent nuclear units—i.e., hardly any of the fissions in one . 
: : . os = the unperturbed flux shape as its fun- 
region are caused by neutrons born in the other region. The extreme . 
, : . ; : damental solution. 
example of this would be two identical reactors operating side by 


side which are cooled in parallel by a single coolant circuit and con- » *e { 
trolled by two central control rods ganged to move together. If the La gi 
rods are used to hold the temperature of the outgoing coolant (and . 

therefore the total power) constant, then, by the mechanism dis- eee Ye X 
cussed in the first paragraph in the article, a slight initial fluctuation ; hag 
in the relative power outputs of the two reactors will lead to oscil- 


t 


(V2? + B*)gi + witgi = 0 


lations in the power levels of both reactors, one 180° out of phase 
with respect to the other. Here yo is zero and go is proportional 
The solution to the problem in this extreme example would be to to the unperturbed flux. 
measure the exit temperature of each reactor separately and move After eliminating the iodine terms 
; De > =; Le i 7 >» . . . ° . + ——- 
each control independently. Since the periods of these xenon from Eqs. 6, substituting Eqs. 7 in 


spatial oscillations are of the order of one day, one could then easily . . 2 as f : 
: : Eqs. 6, multiplying by g;, and integrat- 


suppress them with this arrangement. The corresponding solution 
PP si 6 ing over the reactor volume, we have 


for a single large reactor is to provide a power monitor and reactivity 
control in each independent region. Thus for a light-water reactor RS ae ee 

5 ft in diameter and 100 ft long, we would need to worry about each m oo tein seis -te 

7-ft section and would place flux monitors and control rods every \ (ard;;Ai + a,i;X;) = 0 
316 ftalong the length. This would enable us to detect any incipient isi 

power distortion and trim to a constant power along the length of the iv: 

system. Ina reactor large in all dimensions, monitors should be on ay = Vo 
a three-dimensional lattice with a 3}9-ft pitch, and the control sys- Z 
tem should be flexible enough to control the power at each monitor. + (w + Az + 29;)X; 


es A; 
Ai +o 


To avoid this difficulty entirely a large reactor must have either 4 » (0,4;;A; + 720;;X;) = 0 
a very large negative temperature coefficient or a low flux level. It dod 
would be more economical in almost any case to design for the 
detection and control of incipient oscillations than to design around 
them altogether. where $; = [@*g;?dV, di; = fo*gg; 
dV, 2; = JSax*gPdV, 2; = fr*gg; dV. 


1*) 


(3) 
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FIG. 1. Plot of threshold flux for xenon 
oscillation vs. f(@) is used with Eq. 10a 
to find threshold for given reactor 


Equations 8 form a homogeneous 
linear set for the unknowns, A; and X;. 
The requirement that the determinant 
of the coefficients be zero defines possi- 
ble values of w. The cross terms, ¢;; 
and #;;, are small because of the orthog- 
onality of the g,’s and are equal to 
zero if the unperturbed flux distribu- 
tion is flat. If we make the approxi- 
mation that the cross terms are zero, 
the possible values of w are defined by 


w?+bw+ec=0 
with 
a0 29;(; — Yz) 
(—p;? + ard;) 
(9) 


Ki + Ar +620; - 


Ay | Az + 020; + 


7 a,020;(1 - 32 


(—n,;* i ar) 


The threshold for sustained oscilla- 
tions is given by the condition that the 
When 6 is 
negative, the reactor is above the 
threshold. The condition that b is 
zero can be written in the form 


damping term 6 is zero. 


a(t; — ¥z) - 
- + ard; 
Ai + Az 
wares’ 
O29; 


= —a,f(o;) + ard; (10) 


The eigenvalues, yu,;*, defined in 
Eqs. 7, depend only upon the flux 
shape and pile size, while the right- 
hand side of Eq. 10 depends primarily 
upon flux level and only secondarily 
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upon flux shape. If we combine the 
factors that depend upon the par- 
ticular reactor, and substitute A; = 
u,?/B,?, az = a,/M?*, andar = ar/M?, 
Eq. 10 can be written 


_, MB, 


f(¢,) A; — 4; (10a) 
as 


a, 
In Eq. 10a, B,? is the geometrical 
buckling of the pile, a, is the reac- 
tivity held by saturated xenon, M? is 
and ar is the 
terms of reac- 


the migration area, 
power coefficient in 
tivity change per unit flux. 

Figure | shows a plot of the function 


| 
| + kee 

(od) = 
Ke ey 


o> 


Yz 


l + 


where f(@) is the f(¢,) of Eq. 10 with 
the approximation that Z; is equal to 
1/(1 + A./¢,0,), the steady-state value 
of xenon for a flux ¢;. This approxi- 
mation is good since $; and #; as de- 
fined by Eqs. 8 are averages taken over 
the same weighting functions. Values 
of the constants used in computing the 
curves in Fig. 1 and subsequent figures 
are listed in the table. 

Since f(¢@) depends ong, only through 
the product, o,¢, Fig. 1 can be used for 
a different value of the xenon cross sec- 
tion, a,’, by multiplying the ordinate 
by o,/a,'. 

The function, f(@), is negative below 
the flux level of 3.5 X 10"! n/cm? sec 
at which the burnout of xenon is just 
equal to the direct formation from fis- 
sion. Below this flux level, xenon in- 
stability cannot exist for a reactor of 
any size. The value of f(@) increases 
monotonically with flux level and satu- 
rates at high flux to the value (1 — y,), 
or to about 0.95. 

Equation 10a shows the effect of the 
power coefficient, ar, on the threshold. 
A positive power coefficient lowers the 
threshold for instability, and, if large 
enough, can cause oscillations in the 
power distribution without the aid of 
the xenon. A negative power coeffi- 
cient, on the other hand, raises the in- 
stability threshold, and, if large enough, 
can eliminate the possibility of xenon 
oscillations altogether. For small neg- 
ative coefficients, Eq. 10a has two solu- 
tions for the flux, representing the lower 
and upper bounds of the region of insta- 
bility. The upper bound arises from 
the fact that xenon burnout saturates 


while the effect of the power coefficient 
does not, so that even a small negative 
power coefficient will give stability at 
very high flux levels. 

Figure 2 shows the values of Aj, 
equal to u;? as defined by Eqs. 7 divided 
by the geometrical buckling, computed 
for a one-dimensional pile of height H 
(A,’ is defined in the next section). A 
series of symmetrical flux shapes was 
assumed with a region of constant flux 
in the center and a region of uniform 
buckling giving a sinusoidal flux shape 
at each end. Degrees of flatness all 
the way from a pure sine shape to a 
perfectly flat shape were considered. 

Figure 3 shows the oscillation thresh- 
olds for these flux shapes as a function 
of the size of the pile, measured by the 
ratio H*/M?*, which is equal to x’ 
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FIG. 2. Values of parameter A, to be 
used in Eq. 10a to find threshold flux 
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FIG. 3. Threshold flux vs. flux shape 
for different reactor size (H®/M*) and 
zero power coefficient 





Constants Used in Calculations 
\; = 0.10584 hr 
Xz 0.0756 hr-! 
Oz 3.08 X 107-18 em? 
2 0.0487 
a: 0.0368 
ar = 0 





M?*B,?. The 
taken to be zero. 

While the foregoing procedure gives 
accurate results, it requires a knowl- 
edge of the functions, g;, which are 
orthogonal to the actual flux distribu- 
tion. For an arbitrary flux distribu- 
tion, obtaining these functions requires 
computing machinery. 
existing computer codes that are used 
to obtain the flux distribution, go, by 
relaxation or 
techniques can be modified to converge 


power coefficient was 


In some cases, 


numerical integration 


upon g; and give its eigenvalue. 


Geometrical Eigenfunctions 

A great simplification in the compu- 
tation can be made if the shape of the 
perturbation is expanded, not in eigen- 
functions of the flux shape, but in 
eigenfunctions of the reactor geometry, 
which are readily available 

In this case, Eqs. 7 become 


Vf, + «xf; = 0 


For a one-dimensional reactor, fo 
example, x; = (t+ 1)r/H, and f 


9\ 
— sin (t+ 1)4z/H. Eqs. 8 
H 
become 
(—x«;? + B? + ard/)Aj + a.6/X,; 
+ \ ((B,,? + ard 
a 


NY: ) 4! 
Yz re be 


+ (eo + r0. + 0.4/)X/ 


NA! + a:6;'X;' 


4 y (o2%;;'Ai’ +026;)'X,') = 0 
— 
17) 


where ¢/ = fo*fP dV, d:,/ = So*fi; 
aV, 2; = fe*ffAdV, zi = fx*fid; dV, 
B? = [Bf dV, B;? =fB* fs; aV. 
Equation 8’ contains cross terms in 
the buckling, B;;*, that do not appear 
in Eq. 8. For a reactor with a flux 
shape equal to the geometrical mode, 
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FIG. 4. Oscillation period vs. flux shape 
for reactors of different sizes with flux 
thresholds given in Fig. 3 


B* is a constant, and Eqs. 8’ and 8 are 
identical. However, for a flat flux 
shape, Be is large near the edge of the 
pile and small near the center, and the 
cross terms become increasingly impor- 
tant. 
sions of the shape of the perturbation 


Thus, more terms in the expan- 


{[Eqs. 7 and 7’] must be carried with 
Eqs. 8’ than with Eqs. 8, to give the 
same accuracy. 

For reactors with flux shapes that do 
not differ too much from the geometri- 
cal shape, we can neglect the cross terms 
in Eqs. 8’ and get equations analogous 
to Eqs. 9 and 10. . 


w+ bw+c’ = 0 
bo =A; +A. + 0.0/ 
a0 20; (F i= Ys) 0’ 
— = {> ) 
(—«;?,+ B;? + ard;’) 
a,020;'(1 — #;) 
(—«;* + B? “ aro; 
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FIG. 5. % error in f(@) in replacing X; 


, 


a(t; — Vs 
Ai t+ Az 

1 + =r 
O29; 


—azf( $;') + ard; 


i arg; 


(10’) 
', regrouping and defining 


Kj? — B 
B,? 


3 M?B,2 : 
f(¢/) = ( “yay -S2 4 
a, a, 


These are just the equations given by 
Ward (1) extended to include the power 
coefficient, direct formation of Xe!*, 


Aj = 


(10a’) 


and the spatial distribution of the 


buckling (or of the multiplication 
constant). 

The dashed line in Fig. 2 shows the 
comparison between A,’ and A, for 
The 
values are the same for a sine shape, 
the 
shapes which are flat over no more 
than 40% of a linear dimension. For 
flatter fluxes, A,’ rises above A;. For 
completely flat piles, the error in A,’ be- 
of the 


flattened one-dimensional piles. 


and agreement is good for flux 


result 
omission of the cross terms B;?. 


comes very large, as a 


However, when one wishes to take 
into account flux flattening in piles 
where the power distribution does not 
the geometrical 
mode, the ease of computing x,? and 


differ greatly from 


B,? for piles of known geometry and 
power distribution makes Eq. 10’ at- 
tractive. Figure 2 indicates that the 
use of Eq. 10’ is valid if the flux is flat 
over no more than 40% of a linear 
dimension. 


Oscillation Periods 


the 
where c is 


At the oscillation threshold, 
period is given by 27/(c)*?, 
defined in Eq. 9. Since 6 is zero, ¢ can 


be written as 


¢ = ss |. + a2; 


|1—z 
+ i+ he +0463) (; =) (11) 
Bj -— ¥:z 


Figure 4 shows the periods computed 


for the one-dimensional piles whose 
thresholds are shown in Fig. 3. 


Approximations Used 


The approximations used in com- 
puting the thresholds shown in Fig. 3 
were as follows: 

© ¢; is treated as if it were the aver- 


Continued on p. 129 
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Neutron Data 





Thermal-Neutron Data For the Elements 


By M. V. DAVIS and D. T. HAUSER 
Hanford Laboratories Operation 
General Electric Company 

Richland, Washington 


The widespread acceptance of an 
earlier thermal-neutron-data tabula- 
tion by Kroeger (1) has stimulated this 
updated compilation. Intended pri- 
marily for calculations related to reac- 
tor studies, it should also prove useful 
in neutron-source and shielding studies. 

The material, for the most part, is 
found in the references or calculated 
using standard techniques, such as are 
presented by Glasstone and Edlund (2). 
The cross sections are the 2,200-m/sec 
cross sections. Non-1/v cross sections 
are corrected to yield a result equiva- 
lent to a 1/v cross section in a Max- 
wellian thermal-neutron flux. 

The average value for the cosine of 
the scattering angle, fio, is calculated 
from jig = 2/3A, where A is the mass 
of the scattering nucleus. 

The average logarithmic energy 
decrement, &, is found from the ap- 
proximation § = 2/(A + 24) for the 
elements with mass larger than 10. 
For the lighter elements, § = 1+ 

1 — 1)?/2A}[In (A — 1)/(A + 1)]. 

For the fissionable elements, for 
which the moderation area has little 
that column contains the 
microscopic fission cross section. 

The diffusion coefficient is D = L?d, 
or D = X,/3(1 — fo), where A, /(1 — fo) 
is the transport mean free path. The 
transport cross sections and mean free 
path were deleted to allow space for the 


meaning, 


resonance integral, the moderation area 
ind the diffusion coefficient. 

The cross sections given in the table 
are the absorption (a), scattering (s) 


and total (t) cross sections. 
+ * - 


This work was performed under the auspices 
of the U. 8S. Atomic Energy Commission. 
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Physics,” 


Atomic no. 


Diffusion 
coeff. 
(cm) 


13 
4 
15 
16 


5.52 
3.81 
1,90 
7.24 





Diffusion 
length 


(em) 


20.0 
23.7 
16.4 
19.5 


19 wy 9 637 ib 





Resonance 
integral 
(barns) 


28 


0.18 
0.6 
12 





2. 
0.299 
1.16 


521 
2. 
0.010 
2. 


4, 


0.1/y 
8.70 
6.33 
0.2/y 


417 


5, 


1,667 
4,760 





1.16 
2.00 
1.83 
2.60 


525 
2. 
4,760 
15.4 


4,760 
O.1/y 
9.80 
6.45 

1,240 
0.2/y 


5, 





0.6/x 
45 
0.3/x 
50/x 
0. 
0.010 


1,370 


0.1/y | 2,000 
0.3/y 


100/y 
76.3 
72.5 

147 

141 
52.4 

625 

0.5/x 





0.385 | 3,845 


002 
3.45 
0.449 
2.1yx 
3.35 
0.865 | 806 
0.501 
104 


8.9 
0.115 
0.158 | 368 
0.098 
0.09% | 14 
0.184 
0.062 
0.002 
5.5x 


2ly 





3.45 

0.449 
2.1 
0.501 
0.546 
0.385 


0. 
0. 
0. 


Sy | By 





Macroscopic 
cross section 
(em™') 


l.Jy 
0.022 
3.3y 
0.025 
3.29 
124y 
13x 
103 
26y 


0.0ly | 20 20. 
6. 

0.013 | 0.102 
0.155 

ou | 0.08 | 0. 

007 | 0.089 | 0. 
0.177 
0.043 

0.002 

by Ki 


9. 

0.000 | 2ly 
2. 

0.003 

0.014 

0.007 

0.007 

0.019 





0.807 
72.4 
7.01 
6.8 
759 
4. 
11.9 


103 
13.6 


4.2 

3.90 
3.40 
4.52 
3.66 
1.63 
1,83 
5.20 
1.59 
2.12 


48.6 





103 
13.6 
0.8 
14 
6.8 

4 
4.8 

10 


4.2 
3.9 


2.4 
4.0 


3.6 
14 
1.7 


5 

1.1 
16 

15 





Microscopic 
cross section 
(barns) 





0.66 
0.001 
0.007 


0.010 


755 
0: 


71 


1.88 

0y 
0.001 
1 
0.515 
0.063 
0.230 
0.13 
0.20 
0.49 
0.62 


32.6 





1,000 
0.948 
0.570 
0.173 
0.158 





0.9394 | 0.171 


0.9047 | 0.268 
0.9259 | 0.209 


0.676 
0.884 
0.8334 | 0.425 


0.9667 | 0.0968 
0.9710 | 0.0845 
0.9722 | 0.0811 
0.9754 | 0.0723 
0.9762 | 0.0698 
0.9785 | 0.0632 
0.9792 | 0.0612 
0.9818 | 0.0561 
0.9833 | 0.0492 


0.9583 | 0.120 
0.9649 | 0.102 


0.9524 | 0.136 





Nuclei 
per unit vol. 


(x10?4em3) 


5.3 

0.0335* 

0.0331* 

2.6x 

0.0463 

0.0728" | 0.939 
0.1364 

0. 


0.1236 


0. 
0.0431 
0. 
0. 
0. 
0.0389 





Density 
(gm/em>) 


8.9y 
1.00 
1.10 
17. By 
0.534 
2.45 
1.60 


1 
3. 


0.0014 | 5.3y 
0.0017 | 5.3y 
0.0009 | 2.6y 
0.971 
Lm 
2.699 
2.42 
1.82 
2.07 
0,0032 | 5.3y 
0.0018 | 2.6y 





Atomic or 
mole. wgt. 


Element or 
compound 


Atomic no. 





1,008 
18.016 
20.030 

6.940 

9.013 
10.82 


4. 


25.02 


4 
0 
He 
Li 
Be 
BeC 
8 


2 
3 
4 
5 


14.008 | 0.0013 | 5.3y 


16.000 
19.00 
20.183 
22.991 
24.32 
26.98 
28.09 
30.975 
32.066 
35.457 
39.944 


ll 

13 Al 
“Si 
is P 
16 §$ 
17 Cl 
18 A 


Na 
12. Me 


Continued on p. 


t Measured 


t Activation integral 


* Molecules /cm* 


o 
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CROSS SECTIONS 


FIG, 1. 


Neutron Detectors For Operation 


Test model of fission chamber for high-temperature neutron detection 


By STEFAN G. KAUFMANN and LEROY E. PAHIS 


Argonne National Laboratory, Lemont, Illinois 


The needs of the 
contemplated second Experimental! 
Breeder Reactor (EBR-IT) 
the advantages to be gained with nu- 
clear detectors that can 
elevated temperatures 
The 
operate submerged in a large sodium 
bath at about 400° C. The instrument 
thimbles must reach into regions neat 
the core for sufficient flux to provide an 


instrumentation 


point up 
operate at 


core 18 designed to 


reactor 


adequate signal during startup and 
Thus the thim- 


bles will be at the sodium temperaturé 


low-power operations. 


Two approaches can be used unde 
the nuclear detectors 
operate at the 


these conditions: 
can be designed to 
sodium-bath temperature, or, as a 
more conservative approach, the in- 
strument 
cooling ducts and temperature-moni- 
toring instruments to accommodate 
conventional detectors. Until high- 
temperature instruments are shown to 
be reliable for 
service, the conservative approach will 
be used. Although this is the working 
attitude at the present time, a develop- 
program for high-temperature 


thimbles can _ incorporat 


extended periods of 


ment 
instruments has 
Results of 
here. 

The philosophy of our work has 
been to study only those detectors that 
work on the simple mechanism of ion 
production and collection, i.e., ion 
chambers and ion counters. The en- 


90 


been encouraged. 


such work are reported 


tire range of reactor power level can be 
There 
is thus no immediate necessity to cope 


monitored by these detectors. 


with the more difficult problems as- 
sociated with signal amplification, i.e 
proportional counters. 

The construction of either detector 
The 
is prepared from commercially avail- 
The pulse 


type is simple (Fig. 1). body 
able stainless-steel tubing. 


chamber has a single high-voltage 


connector at one end with a grounded 


metal housing, whereas the current 
chamber has two such connectors so 
con- 


that the chamber body can be 


nected to an independent ground, 
The hermetic insulators are commercial 
alumina-to-metal seals welded into the 
Heliare 
offend the 


vacuum 


stainless-steel bodies by the 


process, which does not 
insulating properties or the 
tightness of the seals. 
Neutron-sensitive plates are stacked 
parallel to the flat plates of 
the cylindrical counter bodies. These 
0.017-in. 


stainless sheet and sensitized through 


end 


plates are punched from 
the deposition of an evaporated ura- 
nium film of 
Though this is not the maximum per- 


about !4 mg/cm’. 


missible thickness for fission detectors, 
it has been chosen so that the pulse- 
height distribution is clearly visible 
in the pulse counter. 

Changes in the plateau character- 
most 


istics are expected to be the 


sensitive indication of temperature 





at 400° C 


aging of the counter. The counters 
are filled with three atmospheres of 
argon gas at room temperature and 
sealed by hard-soldering the copper 
filling tube. No soldering flux is per- 
mitted on exposed surfaces inside the 
counters since flux has previously been 
counter 


suspected as the cause of 


failure. 


e- Room temperature 
«- 400°C 


Counting Rote 


20 25 30 35 40 
Pulse Height 


FIG. 2. Comparison of counter character- 
istics at room and high temperatures 


Figure 2 


compares fission-counter 
performance at room temperature and 
at 400° C. It is apparent that the 
pulse-height 
fluenced by the temperature difference. 


The voltage-dependence curve shows 
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distribution is not in- 





FORD INSTRUMENT 
NUCLEAR SYSTEMS 
AND CONTROLS 


Ford Instrument Company’s major interest in the nuclear field is in. . . 


Gas-Cooled Power Reactors 

... For stationary power and propulsion. 

Ford Instrument’s findings indicate low cost, high thermal efficiency, 
high power capacity, maximum safety and a minimum of moving 





parts for these systems. 





in addition 


For all types of nuclear power plants, Ford Instrument is equipped 
to design and manufacture: 


@ Transistor and Magnetic Amplifier Reactor Instrumentation 
@ Control Rod Actuators of All Types 
@ Rod Position Indicators 


@ Integrated Instrumentation and Control Systems 





@ Reactor Components 
@ Remote Handling Equipment 


@ Sensing, Indicating and Control Instruments 





write to: 


FORD INSTRUMENT CoO. 


Division of Sperry Rand Corporation 
31-10 Thomson Avenue, Long Island City 1, N.Y. 
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Advertisement 


RADIOACTIVITY AT WORK.. -1 


Our business is radioactivity—applying 


Since our business might have bearing on 
yours, this is the first in a series of reports 
on work we're doing for a variety of clients, 
not only in the nuclear industry but in such 
diverse fields as chemicals, petroleum, phar- 
maceuticals, medicine, steel and coal. 


Nuclear reactor developers and operators 
call on us for such services as analysis of 
reactor fuels, decontamination studies, and 
the development of data relating to the pro- 
duction of atomic power. 


Research people and industrialists in all 
fields draw upon our specialized skills and 
equipment for applying the phenomena of 
radioactivity to improving processes and for 
highly complex studies which were not 
possible with “‘yesterday’s’’ techniques. 

So many people these days are curious about 
the possibilities of applied radioactivity, we 
thought you might be interested in reading 
about some of our current projects. 


ENVIRONMENTAL RADIOACTIVITY 
SURVEYS 

Since we started in business, one of our 
important activities has been conducting 
site surveys for operators of nuclear reac- 
tors. These studies are undertaken prior to 
start-up to determine the level of “back- 
ground” radioactivity in the area surround- 
ing the reactor. 


This then provides a basis for measuring any 
increase in radioactivity after the reactor is 
in operation. Environmental radioactivity 
studies are required. Such studies should 
also be made on a continuing basis not only 
for safety’s sake but to provide “third 
party” legal protection against lawsuits and 
insurance claims. 

In conducting a site survey, NSEC takes 
samples from the surrounding area. These 
may be soil, ground water, plants, animals, 
fish, rainwater, dust, sewage or other mate- 
rials. We consider carefully the nature of 
the facility, the terrain, direction of air 
movement, and surface and ground water 
flow. The samples are processed and an- 
alyzed in our labs. We are then able to 
establish the radioactivity level, the kinds 
of isotopes producing it, and the possible 
sources of these isotopes. 

NSEC has conducted more site surveys of 
nuclear facilities than any other company 
in the United States. For information on 
environmental radioactivity surveys of your 
nuclear site, phone us at HOmestead 2-4000 
in Pittsburgh. We can either conduct the 
survey for you, or train your personnel on 
proper procedures. 


PREVENTING BEACH POLLUTION 
Recently, in the largest radioactive tracer 
study ever conducted in the United States, 


it, measuring it, protecting against it 


NSEC successfully traced the dispersion of 
sewage effluent flowing into ocean waters. 
Our study helped the City of Los Angeles 
in planning expansion of its sewage system. 
First we injected the isotope scandium-46 
into sewage about to be released into Santa 
Monica Bay. This enabled us to measure 
the pattern of sewage diffusion and its dilu- 
tion in sea water to one part in ten thousand. 


Write for a copy of “Radioactive Tracer 
Study of Sewage Field in Santa Monica 
Bay” by Dr. Ralph L. Ely, Jr. (He’s our 
Vice President and Technical Director.) Or 
ask about our forthcoming study for the Re- 
public of Venezuela, in which we will investi- 
gate littoral drift, using radioactive sand, to 
determine the feasibility of a certain harbor 
location. 


RADIATION SICKNESS 

It’s common knowledge that excessive radia- 
tion produces harmful effects in human 
beings, ranging from mild nausea or skin 
burns to cancer and death. Recent experi- 
ments under the direction of Dr. A. Edel- 
mann, Manager of our Department of 
Biology and Medicine, have indicated that 
radiation can also produce a toxic factor 
which appears in the blood. Analysis of the 
blood of rats subjected to X-rays under 
varying conditions not only indicates that a 
toxic element is produced but that it may 
be transferred by injection from one animal 
to another. 

When and if this toxic substance is identi- 
fied, it may be possible to devise an anti- 
toxin to alleviate some of the effects of 
atomic radiation. Medical and pharmaceuti- 
cal applications of controlled radioactivity 
open up entirely new means of studying ex- 
isting problems. Contact Dr. Edelmann about 
your problem. 


DETERMINATION OF BORON 

IN SILICON 

A major problem plaguing the electronics 
industry is achieving ultra-pure silicon for 
transistors. Current methods are slow and 
costly, but effective. Nevertheless, boron 
still remains as a damaging impurity even 
in minute quantities of only a few parts per 
billion. Ordinary chemical methods cannot 
detect the presence of boron in such small 
concentrations. 


However, NSEC scientists are now perfect- 
ing a process by which the boron is trans- 
muted into radioactive carbon-11 and sub- 
sequently measured by its radioactivity. 
This new method of analysis will be helpful 
in the quality control of silicon during pro- 
duction. Once a routine method is established 
it will be offered on a commercial basis. 
Interested? Drop us a letter. 


We'll be glad to furnish detailed information on any of these studies. And if you'd 
like to keep abreast of new developments in the field, just ask us to put you on the 
mailing list for our monthly publication “Radioactivity at Work.” 


Our technical staff is available for consultation on your specific requirements and 
will make proposals and quotations without obligation. 


Nuclear Fctence and € ngineertng Corpo ration 
DEPT. N-1, P. O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA 
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CROSS SECTIONS 


This article starts on page 90 


«- 7 hr 

°-137hr 

«-258hr 

*-32 doys 

**32 days cooled to 
room temperature 


Counting Rote 


Pulse Height Selector 


FIG. 3. Aging effects on fission counter. 
Chambers are aged by exposure at 400° C 
to PoBe neutrons for various periods of 
time 


that the counter is saturated above 50 
volts. 

The effect of aging on the counter 
was determined by exposing it at 
400° C for one month to the neutron 
flux of a PoBe source. The plateaus 
of Fig. 3 show a decrease in noise 
pulse size with age and approximate 
constancy of counting rate in the flat 
region. Since the source decays with 
a 138-day half-life, a slight decrease in 
For the last set of 
points, the counter was aged for 32 
days at 400° C and cooled to room 


signal is expected. 


temperature before obtaining the data. 
It is apparent that the pulse-height 
distribution maintained its temperature 
independence after aging. 

The background-current data given 
in Fig. 4 was obtained by operating ¢ 
detector as an ion 
direct current. 
The measured with an 
RCA with full-scale 
voltage drop of 0.5 volt on all scales. 

At room temperature a background 
current of ~1.5 X 10-* amperes is 
evident. This number is in agreement 
with the expected signal from the alpha 
activity of the sensitizing uranium 
film on the chamber plates. Upon 
reversing the applied voltage, the cur- 
rent reverses but does not reproduce 


two-connector 
chamber supplying 
current was 


microammeter 


the original reading. 
This asymmetry is 
possible zero error in the sensitive 
As the tempera- 
ture rises, the background current de- 
10-° am- 
This value has been found to be 


ascribed to a 


micromicroammeter. 


creases to somewhat below 
peres. 
constant over the period of a month 
when the chamber was tested at un- 
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interrupted high temperature in a weak | 
the CP-5 Al- | 

| 
the background current was | 


beam from reactor. 
though 
temperature sensitive, the signal ob- | 
tained when the thermal-neutron beam 

was turned on was nearly independent | 
of the temperature and remained con- 

stant over the testing period. 

\ second chamber, coated with boron | 
instead of uranium so that no alpha- | 
background was expected, 
background 
current of 10-* amperes when the 
taken up to 400° C. 
suspicion that this background 
developed through strain 


the 


urrent 


yielded a similar stray 
hamber 


The 


might be 


was 


voltages in alumina seals was 


lispelled through a test in which a 
. ° . | 
seal, Heliarced into a stainless-steel | 


| 


chamber bottom, was heated and 


] 


amp) 


510°F 
x 650°F 
+ 760°F | 


Current (x 1O°? 


Background 


300 -200 -I00 0 100 200 300 
Volts Applied 


FIG. 4. Background current of neutron 
detector as function of temperature and 
voltage 


tested with negative results for stray 
voltages and currents. 

The absolute sensitivity of the 
test chambers has not been established, 
though the estimate is 10-4 amp/nv. 

In tests of the counter with a com- 
mel 


heights were 20 my, 


A61B amplifier, observed pulse 
Deadtime 
been observed on the fission 


max. 
has not 
ounters because the fission pulse is 
and very fast and does not 
paralyze the rest of the counter. We 
have not tried the ion chamber de- 
scribed here at high fluxes, though a 
omparable chamber filled with BF; 
has permitted us to draw currents in 


localized 


roampere range and was satu- 
100 


the mi 
rated for such currents at about 


volts 
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yen a. eal Give us your “hot cell” specifications . . . 
we'll engineer, then build the shielding 


window that’s just right for you 


Optical shielding is one problem you 
can safely delegate. 

Just tell us wall thickness, energy 
level, and desired viewing area. Then 
leave the rest to us. 

From experience in glass technology 
and building shielding windows for the 
firms and groups listed below, we pro- 
vide all calculations, designs, and ma- 
terial—right up to packaged, all-ready- 
to-install units, if you desire. 

Your window will be designed speci- 
fically to fit the “hot cell” conditions 
you have outlined. It will use one, two, 
or all of the three special glasses devel- 
oped by Corning. 

This window from Corning will pro- 
vide protection plus optimum viewing 
characteristics. You will not be both- 
ered by maintenance or renewals be- 
cause Corning windows are corrosion 
resistant and do not decompose or 
darken under radiation. 

As a start, we would like you to look 
at a booklet called “Corning Radia- 
tion Shielding Windows”—Bulletin PE- 


51. It outlines shielding, transmittance 
and radiation darkening characteristics; 
describes design considerations and 
shows typical installations. After you 
have been briefed on what facilities we 
offer, we'd welcome a detailed discus- 
sion at your convenience. Address in- 
quiries to Plant Equipment Sales De- 
partment, Corning, New York. 


Corning Radiation Shielding Windows 
are at work at: 


E. 1. du Pont de Nemours, Savannah River Project, 
Aiken, Sonth Carolina 


Union Carbide Nuclear Co., Oak Ridge, Tennessee 


General Electric Co., Aircraft Nuclear Propulsion 
Dept., Cincinnati, Ohio 


Petroleum Co., Chemical Processing 
lant, idaho Falis, idaho 


Knolls Atomic Power Labs., Schenectady, N. Y. 

AEC Of Canada, Chalk River, Ontario 

Esso Research Labs., Linden, N. J. 

General Electric Co., Hanford Works, 
Richland, Washington 

University of Michigan, Phoenix Memoria! Project, 
Ann Arbor, Michigan 

Battelle Memorial institute, Columbus, Ohio 


Westinghouse, Atomic Power Division, 
Bettis Plant, Pittsburgh, Pa. 


Phill 


ae CORNING GLASS WORKS 


16-3 CRYSTAL STREET, CORNING, N. Y. 
Corning meand reseacch wx Clteld 





for work ina 
controlled 
atmosphere 


BLICKMAN 
VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 


puickman FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 7903 Gregory Avenue, Wee- 
hawken, N. J. 


VISIT US AT: AIF AtomFair, International 
Amphitheatre, Chicago, March 17-21,1958 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbo! of quality PuuGuliasy 
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Organic-Glass Scintillators 


By JOHN W. DOWNS and FORREST L. SMITH 


Aeronautical Research Laboratory, Wright Air Development Center 


Wright-Patterson Air Force Base, Ohio 


As a contribution to the develop- 
ment of new scintillators, a study has 


| been made of two organic silane com- 


pounds, _ triphenyl-p-biphenylylsilane 


and phenyltri-p-biphenylylsilane. * 
These compounds are of interest be- 
cause they are natural glass formers as 
well as good scintillators. 

When prepared from pure materials, 
these glass scintillators are transparent, 
of good optical quality and easy to 
mold in various sizes and shapes. 
Their efficiency relative to a single 
crystal of anthracene when exposed to 
60%. In 
addition, they are readily soluble in 
other 


organic solvents to form clear liquid 


gamma radiation is about 


xylene, toluene, benzene and 
scintillators. 

Glass scintillators have some of the 
desirable characteristics of both solid 
They 


crystal-like in appearance and may be 


and liquid scintillators. are 
used much in the same way that single 
crystals of anthracene are now used. 
They approach the versatility of liquid 
scintillators in that counting samples 
or other foreign substances such as 
wave shifters can be incorporated. 

Also, they may be molded to any 
desired shape or drawn out to a fine scin- 
tillating fiber. They may be poured 
at low temperature directly onto the 
face of a photomultiplier tube, thus 
providing a direct tube-to-scintillator 
coupling. 


Physical Properties 


The compounds are white crystal- 


line powders. Triphenyl-p-biphenyl- 
ylsilane has a melting point of 159° C 
maximum solubility of 175 


Phenyltri-p-bi- 


and a 
gm/liter in benzene. 
phenylylsilane has a melting point of 
155° C and solubility of 228 gm/liter 
in benzene.* 

Highly pure material is required 


* The silane compounds were synthesized 
by the Chemistry Research Branch, Aero- 
nautical Research Laboratory, Wright Air 
Development Center. They were prepared 
by a modified *‘Wurtz’’ reaction in which 
chlorosilane and chlorobenzene are 
densed with sodium in ether. The product 
is isolated by evaporation to dryness and 
extracted with benzene [L. Spialter, D. 
Priest, C. W. Harris, J. Am. Chem. Soc. 77, 
6227 (1955).] 


con- 


transparent glass with 
qualities. Purifi- 


cation was achieved by dissolving the 


to make a 
good transmission 


compounds in benzene, passing the 
solution through a column containing 
Florisilf in heptane, followed by a 
series of four-to-six recrystallizations 


from a benzene-heptane mixture. 


Preparation of Specimens 


Glass specimens were prepared sim- 
ply by melting a portion of silane in a 
beaker (120° C), cooling to approxi- 
mately 70° C 
nickel mold of the desired size. 

The mold consisted of nickel sheet 


and pouring into a 


into a cylinder and fastened 
around a small Lucite base about 2 in. 
The Lucite base was left 


on the glass to provide a polished lower 


rolled 
in diameter. 
surface. In this way, no polishing or 
cutting of the glass specimens was re- 
quired prior to their use with a photo- 
multiplier tube. The silane glass is 
slightly soluble in mineral oil so that 
the Lucite disk protects the glass from 
deterioration when mineral oil is used 


t Florisil, produced by the Floridin Com- 
pany, Tallahassee, Fla., contains 15% MgO, 
84% SiOe, and 0.5% NazSo.. 





Decay Times of Common Scintillators 


Decay time 


Scintillator T ype (sec) 


Organic 10-8* 


crystal 


Anthracene 


Stilbene Organic 10-°* 
crystal 
10-%+ 


P-terphenyl in Organic 


xylene liquid 


Polyvinyl- Plastic 10-°* 
toluene 
+4% p-terphenyl 
+0.1% diphenylstilbene 

Nal (Tl) 


Inorganic 2.5 


crystal 
Silane glass Organic 


glass 


* R. Swank, W. Buck, Rev. Sci. Instr. 26, 
15 (1955). 

tJ. B. Birks, ‘Scintillation Counters,” 
pp. 45 and 52 (McGraw-Hill Book 
New York, 1953). 


Co., 





March, 1958 - NUCLEONICS 





as a coupling agent. Lucite is 
efficient light pipe so that no appreci- 
able loss in efficiency occurs by its use. 


Method of Evaluation 


The efficiency of the glass scintil-| 
lators was measured relative to a 1-in.- | 
crystal. Relative | 
pulse height was used as a measure of | 
efficiency. The scintillator was cou- 
pled to a DuMont 6292 photomultiplier. 
The photomultiplier output was ampli- 
fied by an Atomic Instrument Co. 
model 205-B linear amplifier, and the 
amplified pulse was fed into a Tek-| 
tronix type 517A oscilloscope. Pulse 
height was read directly from the 
Pulse height as well as 
counting rate were checked by feeding 


thick anthracene 


17 
oscilloscope. 


the discriminator-output pulse of the 
amplifier into a scaler. 

Pulse decay time was measured by 
feeding the pulse from the photo- 
multiplier tube directly into the fast | 


Ose! loscope. 


\ pulse-height analysis of Cs! 


gamma rays was made using a single- 


channel pulse-height analyzer. 





Anthracene * 


w“ 
E 
~ 
@ 
~ 











Pulse Ht 


te \ *% 
Thickness (in.) 





FIG. 1. Comparison of pulse height for 
various thicknesses of silane glass. Measure- 
ment of anthracene crystal is shown 


Relative Efficiency 


Glass samples ranging in thickness 
from }{¢ in. to 1 in. were examined for | 
pulse height using the previously | 
described method. The pulse height | 
decreased with increase in thickness | 
from ten units for the 14¢-in. glass to 
eight units for the 1 in. 

A plot of pulse height versus scintil- 
lator thickness is shown in Fig. 1.| 
With pulse height as a measure of | 
relative efficiency, the silane glass| 
varies with increase in size from about | 
75% to 60% of the efficiency of | 


FILLED TEFLON*? 


| proeegrte 


Electronic Bushings, 


insulators 


HAVE YOU 
CONSIDERED 
THE IMPORTANT 
ADVANTAGES OF 


and 


Tuning cy 


SE 


Rod & Tubing 


we a 


It has been definitely established that the value of Teflon can be 
considerably enhanced by the use of fillers in certain applica- 
tions. Laboratory and field experience has demonstrated that the 
use of fillers permit Tefion to be more readily tailored to a wide 
variety of chemical, electrical and mechanical applications. Also, 
some mechanical properties can be improved. These include: 


1) resistance to deformation under load 
2) resistance to wear 

3) thermal conductivity 

4) compressive strength 

5) hardness 


By thus improving its properties, Teflon now offers even greater 
industrial potential. This is the reason filled Teflon has become 
an important item in the “John Crane’’ Chemlon® line of better 
Tefion products. 

Chemlon is available with such fillers as glass fiber, carbon, 
graphite, copper and bronze, talc, calcium fluoride and other 
inorganic materials. 

Tell us about your requirements. We'll tell you the advan- 
tages you can get from filled Chemlon. Request Bulletin T-104. 

Crane Packing Company, 6449 Oakton Street, Morton Grove, 
Illinois, (Chicago Suburb). in Canada: Crone Pucking Co., Ud., Homilton, Ont 


anthracene. The decrease in pulse | *2«Pont Trademark 


height with size indicates a degree of | 
self-quenching because of either impu- | 
rities or light trapping within the glass | 
itself. This deficiency can, perhaps, be | 
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BY LIBRASCOPE 


omens 


MODEL as 
Computing Linear 
integrator 


...is designed for temperature 
recording, averaging and area 
computation in gas analysis 
procedures. Providing a fast, 
accurate and a continuously 
integrated total of data as it is 
being recorded, the Librascope 
Model 25 can be installed on any 
device having shaft rotation or 
displacement as an output. 
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Representatives in principal cities 
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Burbonk, Calif. 
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FIG. 2. Pulse height analysis of Cs'* 
gamma rays with silane-glass scintillator 


overcome by increased purification. 

A pulse-height Cs87 
gamma rays using a 34-in. silane-glass 
scintillator is shown in Fig. 2. The 
peak in Fig. 2 is a Compton edge. 
Because of its relatively small size and 


analysis of 


since only low-“‘Z”’ elements are pres- 
ent in the scintillator, it is rather im- 
probable that an appreciable photo- 
electric effect even with the 
low-energy gamma (0.6 Mev) from 
Cs'57_ If a backscatter peak is pres- 
ent, it is most likely masked by the 
Compton distribution. In this regard 
it compares very well with anthracene 


occurs 


and other small organic scintillators but 
cannot compare or compete with Nal- 
(Tl) for use in gamma spectroscopy. 

From oscilloscope measurements, the 
decay time to be about 
2 X 10°* sec. 


appears 


Spectral Characteristics 


The emission spectrum of a silane 
glass excited by ultraviolet light was ex- 
amined visually with a table spectrom- 
eter. 
observable. 
cur throughout the entire visible region, 
i.e., red through violet. Addition of 
diphenylhexatrene as a wave shifter 
cut off the violet portion. 

Absorption measurements were made 


No specific emission bands were 
Emission appeared to oc- 


using a Beckman spectrophotometer. 
were 
9,000 


No specific absorption bands 


observed between 3,000 and 


angstroms. 


The author wishes to express appreciation 
to Dr. L. Spialter and the Chemistry Research 
Branch of the Aeronautical Research Labora- 
tory, Wright Air Development Center, for 
providing the silane compounds used. 
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Gamma-Dose Enhancement 


From Neutron Capture in Cd 


By D. E. KLINE* and F. J. REMICK 


Pennsylvania State University, University Park, Pa 


[In many reactor experiments, such as 
studies of the effects of radiation on 
materials, it is desirable to reduce the 
intensity of the neutrons 
the material to the 
effects of various components of the 


thermal 
entering isolate 
radiation. This is especially true if 
the radiation is used primarily to study 
changes in the internal structure of high 
polymers (/) and other materials. 

One means of eliminating the ther- 
mal neutrons is to wrap a thin shield of 
natural cadmium about the specimen 
to be irradiated. When this is done, 
however, the Cd(n,y) reaction results 
in an additional gamma-dose rate 
within the specimen that supplements 
the dose rate present before applying 
the If the material being 
studied is sensitive to gamma radia- 
tion, it is necessary to know to what 
extent the dose rate has been enhanced. 


cadmium, 


One way of doing this would be to 
calculate the enhancement using the 
energies and respective intensities of 
the capture gammas, together with the 
absorption coefficients of these differ- 
ent gammas in air, and then numeri- 
the effect of all the 
gammas to find the gamma dose per 
thermal neutron absorbed. There are 
two main objections to this method, 
The first objection is that it 
relies too heavily on the 


cally 


integrate 


however. 
combined 
capture-gamma data of various other 
The use of natural 
thermal-neutron 


experimenters. 
1dmium as a ab- 
sorber in reactor experiments is well 
known. 


the n,y) 


The gamma rays given off in 
reaction have been classified 
as capture gammas, given off almost 
immediately (~10~-" sec), and decay 
g: It has been found that 
most of the absorption occurs in Cd", 
present to 12.3%, which has a cross 
section of >20,000 barns, and that the 
total decay-gamma contribution of all 


ammas (2). 


the other isotopes present is small com- 
pared to the capture-gamma contribu- 
tion of Cd"'8, In addition, much work 
has been done in determining the ener- 


* Cn 
Brown 
College 


Haller, Raymond & 
Mfg Co., State 


from 
Singer 


loan 
Division, 
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New atomic-age laundry 
all American equipped 


Staffed with radiological safety experts 
and fully equipped with specially de- 
signed American Laundry Machinery 


| Company equipment, Nuclear Engi- 
| neering Co., Walnut Creek, Calif., is 





FIG. 1. Portable thermal column of Penn | 
State reactor set against core 


gies and intensities of the gamma-ray | 
lines of the Cd'"* spectrum (3). How- 
ever, in spite of all this, the data are 
still both incomplete and inconsistent. 
The second objection has to do with 
the fact that, to determine the dose 
rate, one must obtain the thermal-neu- 
tron flux corrected for the depression 
due to the insertion of cadmium. 

Another method of determining en- | 
hancement to make actual 
measurements in the reactor, first with 
no Cd _ present, then with a 
Cd-covered container placed in the 
position. The difference 
tained would be a measure of the effect 
of the Cd(n,y) reaction. 


would be 
and 


same ob- 


Experimental Procedure 


To determine the effect of the| 
Cd(n,y) reaction it is convenient to | 
perform the experiment in a region 
where the radiation is composed mostly | 
of thermal neutrons and gamma rays, | 
for, as will be shown later, the gamma | 
for | 
the gamma-dose rate. 


rays provide a means absolute 


calibration of 
Except for a small percentage of epi- 
thermal 


neutrons, such a region is 


the world’s latest atomic-age laundry. 


Owners Joseph Law and Terry Hufft 
specialize in decontaminating and wash- 
ing “hot” clothing in addition to their 
other radioactive waste disposal opera- 
tions, and their services are in constant 
demand by the many nuclear plants 
and laboratories in the nearby Bay 
Area of San Francisco. 


Laundry machinery for this new plant 
was selected from American’s wide 
range of automatically controlled, 
labor-saving equipment, especially de- 
signed for the decontamination and 
washing of radioactive clothing. 

For complete information on laundry 
equipment for your nuclear plant or 
laboratory, write for Catalog Form 
#2642. 


Modern, efficient laundry facilities at 
Nuclear Engineering Co., completely 
planned and equipped by The American 
Laundry Machinery Company. 
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FOOD PROCESSING 


CHEMICAL POWER PLANTS 
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NUCLEAR PULP AND PAPER 
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LABORATORIES INDUSTRIAL 


AND PILOT PLANTS 


finest is good enough 
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TUBE FITTINGS 


In use wherever top performance 

is demanded. Swagelok Tube 
Fittings provide a leakproof, torque- 
free seal. Your Swagelok Specialist 
will welcome the opportunity to 

work with you on your particular 
fitting requirements. For 


information, write Dept. H2 


CRAWFORD FITTING COMPANY 3884 cast isoth street « Cleveland 10. Ohio 
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present behind the thermal] column of 
the Pennsylvania State University’s 
pool-type reactor. 

Most pool-type reactors have a 
thermal column built into an end wall 
with the experimental face out of the 
water. The portable column (Fig. 1) 
of this reactor is against the core (i.e., 
under water) with a layer of lead in be- 
tween to reduce the reactor gamma-ray 


Thermal column 


FIG. 2. Thermal column of Penn State re- 


search reactor. Experimental positions 
are indicated by letters A through | 


intensity. The thermal column con- 
sists of an aluminum shell filled with 
graphite bars for moderating the fast 
neutrons. 

As a first step in the determination 
f gamma-dose-rate enhancement, a 
study of the neutron flux and gamma- 
dose rates at the experimental face of 
the column was carried out. Measure- 
ments were made as a function of dis- 
tance from the thermal column at the 
nine positions illustrated in Fig. 2. 
The thermal flux was measured by ex- 
posing gold foils at 5-cm intervals away 
from the column and determining the 
subsequent activity by counting them 
in a 27 flow counter. The counter and 
flux-measuring system was standard- 
ized with the ORNL standard graphite 
pile at Oak Ridge (4). In Fig. 3, the 
thermal-neutron flux, as measured 
along position # (see Fig. 2), is plotted 
as a function of distance from the 
thermal column. This plot illustrates 
how the cadmium ratio varies in the 
region. (Reactor power was 100 kw 
for all measurements.) 

Determination of the gamma-dose- 
rate enhancement was carried out by 
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The ideal $ ett ne for 
TOMORROW'S DISCOVERIES 


a Enhancement (r/hr) 


30mm 
Q 
© 


Net 








a J : * 

0 30 PS EA D* tasporatory by 
Dist f Thermal Column (cm) : : 
ramet eget 5 a s used exclusively in the manufacture of 
FIG. 3. Thermal-neutron flux for position E 
of thermal-column experimental face 


using a Victoreen condenser R-meter 


in a watertight polyethylene 
0.24 em thick, 23 em long and 


m in diameter. The outside : Write for new catalog of 
lrical surface was covered with a : b complete line of superior quality 
eld 0.055 em thick. The frac- i Tables, Cabinets, Cases,Fume 
f the slow neutrons that pene- Hoods, Radio Chem Lab Equip’t. 
rate d the cadmium was less than about QUIPMENT CORP. 
x 10-4. The ends were not covered rs of Laboratory Furniture and Equipment 
it was found that this had little 97 t, Dept. N, Brooklyn 8, New York 


t on the results. After charging 





ndenser R-meter, the tube assem- 
vas attached to the instrument 
and placed at a point along 

n E of the thermal column for a 
period of time. When the 
was withdrawn the condenser 

was read to determine the 
-dose rate within the cadmium. 
mma-dose rates without cadmium 
easured as a function of distance 





— Dose Rate with Cd 
Dose Rate without Cd 
During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 


ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 107'9-C ideal for all applications involving 
small current and voltage measurements. 


SEED oS asa} cnmre +1 mv, day-to-day. 

SENSITIVITY:. . 0.03 uma full-scale reading @ max. 

RANGES: ...........0-30, 0-100, 0-300, 0-1000 mv. 

Re Internal, switch-controlled, 10°, 10”, 10” ohm resistors. 
Operates with 1 ma or 100 mv recorder. 
110/120 or 200/250 v, 40/60 cps, 40 w. 

WES nc cicacusue Only 29 ibs., complete with cables. 


Gomma-Dose Rate (r/hr) 
) 
© 


Write TODAY for data on EKCO’s complete line of nucleonic test equipment 
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oe 2 % 4 AMERICAN TRADAIR CORP. 


Distance from Thermal Column (cm) 34-01 30th Street, Long Island City 6, N. Y. * Dept. N3 


FIG. 4. Gamma-dose rates at position E U. S. SALES & SERVICE for 
with and without Cd EKCO ELECTRONICS, LTD., Essex, England 
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Here’s news about 


REACTOR 
INSTRUMENTS 
FOR IMMEDIATE 

DELIVERY 


from Victoreen 


Reliable, new reactor instruments that are in production and 
can be delivered right now—that’s the good word from Victoreen. 
But that’s not all, for they’re all made to Victoreen’s higher 
standards of quality control that mean superior performance, 
greater accuracy, utmost reliability. 


Logorithmic Count Rate Meter 
Model 727 Logarithmic Count Rate Meter 
(ORNL Spec. Q1454B). A wide range, five 
decade instrument for use with all types of 
radiation detectors. Range 10-1,000,000 
counts per minute. 


Linear Amplifier 

Model 751 Linear Amplifier (ORNL Spec. DD2) 
for scintillation spectrometry, reactor control, 
etc., and other applications requiring high gain 
and resolution, good linearity, and fast over- 
load recovery. 





Single Channel! Analyzer 
Model 695 Single Channe! Differential Anc- 
lyzer (ORNL Spec. Q1192). A differential 
pulse height analyzer for separating pulses 
of varying amplitudes. 


Hi-Speed Scaler 

Model 762 Hi-Speed Scaler (ORNL Spec. 
Q1743). For counting pulses. from nuclear in- 
struments at high rates with low coincidence 
loss. Decade counting circuits, instead of binary 
feedback, improves reliability substantially. 


The Victoreen Instrument Company 
5806 Hough Avenue * Cleveland 3, Ohio 


WORLD’S FIRST NUCLEAR COMPANY 
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at positions away from the thermal 
column face (position £) using a stand- 
ard 50-cm* ion chamber, identical to 
the one used at the Bulk Shielding 
Facility at Oak Ridge (5), and a low- 
drift electrometer (6). 

The results obtained inside the cad- 
mium are plotted in Fig. 4 along with 
the results obtained by the standard 
ion chamber with no cadmium cover- 
ing. The curves converge as the dis- 
tance from the thermal column is 
increased because the thermal-neutron 
flux responsible for the gamma-dose- 
rate enhancement falls off more rapidly 
with distance than does the original 
gamma-dose rate. A disagreement be- 
tween the dose rate as measured by the 
standard ion chamber and that as 
measured by the condenser R-meter 
would result in the curves not joining 
but simply becoming parallel as the 
distance from the thermal column was 


increased. 


Discussion of Results 


The data obtained illustrate how 
the gamma-dose-rate enhancement 
depends on the rate of thermal-neutron 
absorption in cadmium. This en- 
hancement, obtained by subtracting 
the two curves of Fig. 4, is plotted as a 
function of distance in Fig. 5. Be- 
cause the subtraction leads to a reduc- 
tion in accuracy, which becomes more 
serious as the difference decreases, the 
enhancement is plotted only over the 
distance where the difference is reason- 
ably large. The relaxation length of 
the net enhancement curve is about 
2.9 em, which compares well with the 





Thermal-Neutron Flux (n/cm/sec) 





oo 8 20 


Distance from Thermai Column (cm) 


FIG. 5. Net gamma-dose-rate enhance- 
ment as a function of distance at position E 
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Victore i af 


sec per 


samma-Dose Rate (nr 


hermal Flux 


5 6 
Gamma-Enhoncement Ratio 
FIG. 6. Variation of enhancement ratio 


with increasing ratio of thermal flux to 
gamma-dose rate 


2.7 cm (about 7% difference) 
relaxation length of the thermal- 
m spectrum for position E as 
ned from Fig. 3. One would 
the two values to be comparable 
the net gamma-dose-rate en- 
ent is proportional to the 
il-neutron flux. 
ising Figs. 3 and 4, one can de- 
the gamma-dose-rate enhance- 
or a given thermal-neutron flux. 
nhancement ratio, defined here as 
itio of the dose rate inside the Cd 
ner to the dose rate with no 
im present, is plotted in Fig. 6 
tion of the ratio of the neutron 
gamma-dose rate. Results in- 
that the enhancement ratio is as 
7 for regions near the experi- 
face of the thermal column 
the ratio of neutron flux to 
lose is relatively high. 


* * * 
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Boiling-Water-Reactor Instability 


A number of natural circulation boil- 
ing reactors, so far, have shown oscilla- 
tory behavior under a variety of condi- 
tions. Theoretical understanding of 
the phenomena currently is inadequate. 
However, enough evidence is now avail- 
able to assist designers of similar reac- 
tors in avoiding these instabilities. In 
the future, rod-oscillation experiments 
plus a more detailed instrumentation 
of oscillating reactor cores should pro- 
vide more theoretical information and 
should prove useful in determining the 
stability characteristics of boiling water 
reactors yet to be built. 


. Observed Behavior 

Five ANL boiling reactors have been 
operated to date: Borax I (/, 2), II (3), 
III (3), IV (4) and the Experimental 
Boiling Water Reactor (5, 6). The 
instabilities of Spert I (7) and Borax 
III will not be discussed because of the 
similarity of these reactors to Borax I 
and II respectively. All the reactors 
are of the natural circulation, light 
water, single cycle boiling variety. 

The fission power, as a function of 
time, can, in all cases, be described as 
falling into one of three categories: 1) 
stable operation in which the “boiling 
noise”’ (i.e., random power fluctuations 
about the mean) is greater than any 
single frequency, but much less than 


the d-c component of the power; 2) 


102 


small power oscillations with an ampli- 
tude that exceeds the noise but is less 
than the d-c component of the power; 
3) unstable oscillatory behavior having 
an amplitude in excess of the d-c power. 
All the reactors mentioned have ex- 
hibited all three characteristics, except 
Borax III and EBWR which were not 
permitted to exhibit the third. Figure 
1 shows examples of these types of be- 


FIG. 1. Three categories of operation 
observed for boiling water reactors: (a) 
EBWR power trace during stable operation 
shows only boiling noise. (b) Pronounced 
but nondivergent oscillations during low- 
pressure operation in EBWR. (c) Unstable 
oscillations in Borax-ll triggered by slight 
pressure change 


By JOSEPH A. THIE 
Argonne National Laboratory 
Lemont, Illinois 


havior. The third category is some- 
times referred to as “divergent oscilla- 
tions,” since generally the reactor was 
scrammed while the amplitudes were 
increasing. However, the non-linear- 
ities and losses that limit the ampli- 
tudes of the second type would also 
ultimately prevent the third type from 
truly diverging. 


Amplitude. When the reactors are 





Summary of Instability Data for ANL 


I Il 


Fuel 

Configuration 

Thickness (in.) 

Maximum pressure 
(psi) 130 300 

Metal volume 


plates 


0.060 0.060 


0.63 0.43 


Water volume 

Resonant frequency 1.25 
(eps) 

Small oscillation 
threshold 

(% reactivity in 
voids) 

(kw/litre of core) 


1.0-3.3 


(0 psi) 


<1.4 


3.2 
21.0 


plates 


(150 psi) 


12+0 
<6.14 7.9 + 2.6 
(300 psi 


Boiling Reactors 


Boraz 


III IV EBWR 


Al + U2* Al + U2** Al + U2** ThO, + U2** 1.44% U 


rods plates 


0.214 & 0.279 


plates 
0.060 


300 600 
.39 iy 0.56 


0.495 0.05, 0.09,0.15 


& 0.28 
(0 psi) (0 psi) 
0.4 <0.4 
8.41 0.586 
300 psi) (600 psi) 
>5.5 >2.2 
>38.35 >12.1 
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CAST nuclear stainless steel 
valves and fittings now proved 
economical with superior strength 


Cooper Alloy cast nuclear-service stainless 
steel valves and fittings are saving money, 
providing greater strength in AEC-contract 
plants today. Here’s the story: 


This Cooper Alloy stainless steel fitting for nuclear 
service, here being machined, possesses a yield 
strength of 26,000 psi at 650°F.—20% higher than 
values specified by code. 


Cooper Alloy 16” stainless steel gate valve body 
illustrates the wide range of nuclear valves and 
fittings now being cast by Cooper Alloy for atomic 
energy service. 





YIELD STRENGTHS: CAST vs. FORGED STAINLESS STEEL 


Cast Stainless Steel 
SA351-CF8...........18,400 psi @ 650°F.() 


Forged Stainless Steel 
SA182-F8-304 ....-17,900 psi @ 650°F.(') 


Cooper Alloy Cast Stainless Steel 
ASTM351-CF8 22-27,000 psi @ 650°F.(?) 


1) Figures represent minimum yield strengths required by 
ASME Unfired Pressure Vessel Code, Section VIII, and 
have been calculated as follows: 

Ys = allowable stress 

‘ 62.5% 

2) Figures taken from tests of actual heats of material 
manufactured by Cooper Alloy for the AEC’s SPERT III 
program at Idaho Falls, Idaho (see Nucleonics, Aug. °57). 











Strength: As the figures in the accompanying chart show, 
Cooper Alloy is currently achieving what many have 
described as “‘the impossible”: producing 304 ELC stain- 
less cast valves and fittings consistently with yield 
strengths of 22-27,000 psi at 650°F.! These superior 
physical properties are finding wide application in meet- 
ing the exacting strength and economy demands of the 
nuclear industry. 


How It’s Done: These outstanding properties have been 
achieved by utilizing skills developed through Cooper 
Alloy’s over 35 years of experience in casting stainless 
steel exclusively. In particular: e Use of proper directional 
solidification, achieved by proper mold design, plus 
foundry know-how in metal feeding, ensures a sound 
solid casting. e An exact balance of chemical composition 
develops the maximum strength characteristics inherent 
in the complex structure of stainless steel alloys. « Incor- 


poration of foundry considerations into valve and fitting 
designs ensures maximization of the alloy’s and the 
item’s potential. 


Quality Controls: In addition to all usual checks, such as 
100% X-ray examination and dye-penetrant surface 
testing, all components are subjected to a 6,000 psi 
hydrostatic pressure test. 


The Costs: Savings up to 40% have been achieved with 
sizes of fittings running from 8”—24”. 


Want more information? Telephone or write the Nuclear 
Division, Cooper Alloy Corporation, Hillside, N, J. 


cooper (3 ALLoy 


Corporation + Hillside, New Jersey 
THIRTY-FIVE YEARS OF STAINLESS STEEL PIONEERING 


See us at the Atom Fair, Chicago, booth 452 
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NEW KEWAUNEE 
RADIO-AIR SAMPLER 
OPERATES 
CONTINUOUSLY 





Kewaunee’s Continuous Radio-Air Sam- 
pler is the only instrument of its kind on 
the market . . . an invaluable tool for 
every nuclear installation. You need it to 
establish an acceptable Health-Physics op- 
erating plan and for Environmental Back- 
ground Studies and Surveys. 

Smali and compact, the Air Sampler 
has a weatherproof, stainless steel hous- 
ing. It’s portable . . . goes anywhere— 
inside, outside—wherever you need con- 
tinuous and extensive air monitoring. 

Kewaunee’s Continuous Radio-Air Sam- 
pler collects radio particulates with a high 
efficiency filter (retention efficiency 
of 99.999% for 0.3 to 0.5 micron size 
particles). Standard radio-autograph meth- 
ods will give you a quantitative analysis of 
the airborne radio particulates collected 
by the filter. 


Check these Outstanding Features 
@ Continuous operation 

@ Oil-less pump 

@ Time-rate meter 

@ Valved by-pass for remote sampling 

® Double overload protection 

@ Operates on 110 volt AC current 

@ Weighs only 75 pounds 

@ 21%" x 15” x 15” overall 


Write for FREE bulletin 
describing this unit in detail. 


Aeunaunee 


KEWAUNEE MANUFACTURING CO. 
5083 S. Center Street, Adrian, Michigan 
REPRESENTATIVES IN PRINCIPAL CITIES 
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Maximum Oscillating Fraction of Reactivity 
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Reactivity in Steam Voids 
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FIG, 2. Relation of reactivity oscillation 
amplitude to total reactivity in steam voids 
for Borax reactors 


in the oscillatory condition, it is in- 
variably true that, with other things 
constant, the average amplitude of 
power oscillation increases with increas- 
ing mean 
the oscillation in power, there is an 
oscillation in the amount of reactivity 
tied up in steam voids. The fact that 
the amplitude of the power oscillations 
increases with’power' means that the 
fraction of the steam bubble population 
that is oscillating also increases with 
power. The 
abscissa of this figure is obtained from 
the difference in contro] rod positions 
at power and at essentially zero power, 
calibrated in terms of the latter condi- 
tion. The by 
dividing the oscillating reactivity, 


power. Corresponding to 


This is shown in Fig. 2. 


ordinate is obtained 


Oscillatory Power Amplitude 
+ Mean Power 


Zero Power Reactor Transfer Function 


by the total reactivity in voids. The 
reactor transfer function (8) is simply 
the ratio one obtains from the neutron 
kinetics equations between the fraction 
of the power that oscillates and the 
reactivity oscillation amplitude causing 
it. 

Frequency. The table and Fig. 3 
show a variety of frequencies to be 
possible. The lower frequencies ob- 
tained in the reactors of larger size and 
or larger fuel-element time constant 
are to beexpected. Higher frequencies 
occurring at higher powers is qualita- 
tively in agreement with the theory 
Only EBWR displayed a high 
harmonic content in small oscillatory 


below. 


operation. 
Temperature. 

lates the fuel temperatures are expected 

to oscillate. The temperature transfer 


As the power oscil- 





MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 
for Precise Calibration of Single 

& Multi-Channel 
Pulse Height Analyzers 


Determines Window AUTOMATICALLY 
10 X MORE 


Widths 
Using Principle of ACCURATELY 


Constant Anguier CONVENTIONAL 
Velocity PULSERS 


Incorporates 

Both Manual 

Control and 
Precision 
otor Drive 


Simulates Pulses 
from Scintillation, 
Proportional, or 
Geiger Counters 


MERCURY PULSER, Model 401 
Featuring Versatility and Precision 
SPECIFICALLY 

DESIGNED 

for the 

NUCLEAR 

PHYSICS 
LABORATORY 

FAST RISE AND EXPONENTIAL DECAY 
SIMULATES SCINTILLATION, PROPOR- 
TIONAL OR GEIGER COU PLUSES 
FOR TEST AND CALIBRATION OF AMPLI- 


FIERS, PULSE HEIGHT ANALYZERS 
SCALERS, ETC. 








Model 412 
Model 401 


Radiation Instrument Co. 
P. O. Box 773 Silver Spring, Maryland 
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Men on the Move 


Now available 
in a new edition... 
with new figures. 


This popular booklet points up the 
important sales problem of personnel 
turnover in industry. Out of every 
1,000 key men (over a 12-month pe- 
riod) 343 new faces appear ... 65 
change titles ... 157 shift... and 435 
stay put. These figures are based on 
average mailing address changes on a 
list of over a million paid subscribers 
to McGraw-Hill magazines. 


Write us for a free copy 
Company Promotion Department 


McGraw-Hill Publishing Co., Inc. 


330 West 42nd Street, 
New York 36, New York 
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Frequency (cps) 


Experiment 


a . RE | RA # FE 
EARTH METALS 


Resonont 


FIG. 3. Oscillation frequency vs % reac- 
tivity in voids for Borax-ll 


functions for typical oscillations of the 

different reactors show that in all cases 

the temperature lags behind the power. 

Presumably the water temperature and 

flow rate are also fluctuating, although » s 

there have been no direct recordings of I 

thes Pressure transducers in both If 0 HT i | Cla 
the core and steam dome, however, 


have shown oscillations. 


‘ B a 
Threshold. Since it has been dem- 
onstrated that, other things being kept 
constant, increasing power results in an 


increasing oscillatory tendency one can 
talk about a power threshold—the 
power at which oscillations set in. 
Such a threshold is not sharply defined 
but can be taken to mean that power at Metallurgists, Nuclear Engineers: Michigan Chemical can now 
which two or more cycles (of the same supply ingots of Gadolinium, Yttriurn, Dysprosium, and Erbium 
period) are occasionally self-induced in metals in substantial poundages for use in nuclear control rod, 
succession without noticeable phase shielding, or alloy system applications. 

shifting by boiling noise. Data on the 
thresholds shown in the table indicate 





MELTING BOILING DENSITY THERMAL-NEUTRON 
correct trends, although an adequate POINT POINT® ATOMIC GRAMS/CUBIC CROSS-SECTION 

: ; RADIUS 
knowledge of all the factors affecting °c °K CENTIMETER (BARNS) 


the threshold is probably still lacking. | 
Pressure, height of water above the 





1552 3300 1.81 4.47 1.38 

1350 3000 1.8 7.87 46,000 

channel geometry, and void coefficient 1400 2600 177 6.56 a a 

all have an influence. It is indeed for- 1500-1550 2900 1.75 9.06 166 

tunate for boiling-water reactors that “Satected 

the higher pressures with their increased 

thermal efficiency also are accompanied Discuss with us availability and prices on commercial quantities. 

by large increases in the threshold for This will permit you to analyze the economic and technological 

oscillation. advantages of rare earth metals versus other metals —- for ex- 
Oscillatory instabilities in electrically ample, Gadolinium versus Hafnium in nuclear control. This will 

heated natural circulation boiling loops also permit the evaluation of special alloy systems such as Gado- 


have been observed (9, 10). These linium in stainless steel. 
likewise have power density thresholds | 


core, fuel element time constant, water 


























and frequencies comparable to those | 
observed in reactors. 

_— RARE EARTHS AND THORIUM DIVISION 
Kinetic Theory 

The models in use by reactor physi- | MICHIGAN CHEMICAL CORPORATION 
cists for instability analysis generally | 582 North Bankson Street, Saint Louis, Michigan 
involve feedback loops between power | «peg. u.S. Pat. OF 
and reactivity. A model (11) using &) samariuM—EUROPIUM — GADOLINIUM — TERBIUM — DYSPROSIUM— HOLMIUM— ERBIUM — 
single series feedback loop and linear- THULIUM— YTTERBIUM — LUTETIUM— YTTRIUM 
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PHOTO COURTESY GAYLORD PACKAGING CORPORATION 


Heart of the* ® system for control of sheet 
extrusion is U. S. Radium’s sealed beta source, developed and fabri- 
cated for this specific installation—one of thousands where U. S. 
Radium’s radioactive products are now in use. 

United States Radium Corporation offers beta, gamma and 
neutron sources in a wide range of configurations, intensities and 
energies. Beta sources by U.S. Radium employ such radioisotopes 
as H3, C!4, Ni®3, Pm'47, T1294, Kr85, Sr9° and others. Gamma sources, 
employing such natural or artificially-produced radioisotopes as Ra, 
Co®°, Cs!37 or Eu'5? are fabricated to specification. Neutron sources, 
calibrated or uncalibrated, are available in radium-beryllium, 
radium D-beryllium, polonium-beryllium and actinium-beryllium. 

Light sources, utilizing H*, C!4, Kr®5, Sr9°, Pm!47,T]2°4 and others, 
are designed for marking and signalling applications, and are 
obtainable with brightness levels to 1000,]. Other types 
of markers and luminous compounds are offered. 

Details on light sources appear in Bulletin 30.30, —.S&—~ 
available on request. 

U. S. Radium will consult on design of beta, gamma hy 
and neutron sources to meet your specifications. Write o. 
department F3. 

* Registered Trade Mark Industrial Nucleonics Corporation 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | 


Offices: Chicago, Illinois and No. Hollywood, Calif. Affiliates: Radelin-Kirk, Ltd., 
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n/No 


h/H 
) n/Ho 


n/No 


WVo WVo 

| W/Ho 
FIG. 4. Block diagram of boiling-water- 
reactor kinetics equations 


ized one group kinetics equations is 
presented here as a very simplified 
example :* 


dn 
= (1 — B)k 


n 


= Bk . 8 
Vo 


.. dn 
Nodt 


h 


VF, 


dk 
v+ ki, 
dv 


In the first two kinetics equations the 


have their usual meanings. 
The neutron and delayed emitter densi- 
ties are No + nand Co + c respectively 


i.e., the sum of their steady state 


symbols 


values and small deviations therefrom. 
The heat transfer rate, 7) + h and the 
void fraction Vo + v are taken to have 
the time constants, 1 
Finally the reactivity devia- 


a and 1/¥ respec- 
tively. 
tion from zero is the sum of the void 
effect and an input reactivity-driving 
function. 

Taking the Laplace transform and 
solving the resulting linear algebraic 
equations for the systems transfer func- 


tion gives the following result: 


(n/N o)/k 
iy «) v =). ~) n/No 
( " dv} \h/Ho) \n/N k 
This also can be had by inspection of 
the block diagram representation of 


these equations in Fig. 4. Thus: 


* lor 
explaining boiling-reactor behavior it must 
include the nonlinearities of the equations 
representation 


a theory to be adequate, however, in 


accurate 
The theory is also 


as well as a more 
of the power feedback. 
restricted for simplicity 


the resonance region, 
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to frequencies in 











Power (arbitrary units) 


05 205 305 405 505 605 
Time After Control Rod Ejection (sec) 


FIG. 5. Power transient following rapid 
ejection of control rod in Borax-lV 


p 
Vi 
( *) (: Ho n/N 


The system’s gain can be expressed in | Symbol of Highest Purity 


terms of three functions: 
a) The zero-power reactor transfer 
function, (n/No)/k 
, pent nee 
Vi ri = the reactivity in voids 


The power to void transfer func- 


v re) (* at) 
( Ho} \n/No 
which, generally speaking, is not known, 
but would be [1 + as] [1 + y“s]7 
in the above formulation. 

If, setting ki, = 0, one solves the 
differential equations for their eigen- 
values, a damped oscillatory solution | 
is found whose frequency depends on | 
the reactor parameters. An example | 
is shown in Fig. 3. 

In the above expression for the trans- 
fer function, (n/No)/kia, all terms on | 
the right hand side can be slowly vary- | 
ing with frequency, and yet lead to a 
i.e., a very large maximum 
in (n/No)/kin OCCUrTing Over a narrow 
This is possible | 
at frequencies for which the absolute 
value of the denominator becomes much 
less than 1. It is apparent that, when | 
the reactivity in voids, Vo dk/dv, is| 
sufficiently small, the denominator is 
At these low 
should 


resonance 1.6., 


range of frequencies. 


unable to approach zero. 


power levels no resonance 


develop. 
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--.in cloud and bubble chambers 
...in radiation detecting equipment 
...in gas discharge devices and glow tubes 


»..as protective atmospheres for 
crystal growing 
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sure. Mixtures of gases are also available to your specifications. 
Prompt delivery is assured. 

For detailed data on the physical and electrical properties of 
LinbDE Rare Gases, write Dept. NU-3. LinpE Company, Division 
of Union Carbide Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in other principal cities. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. 
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N O R B * This article starts on page 102 
I D F ece eee B.C 
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: 2,450°C. M.P., 2.51 g./ce. 
outstanding neutron absorber Tech. Gr. 70% B Min. 
High B Gr. 76.5% Min. 


5B'°+n = Li’ + ,He*+ 2.5 Mev. 60) \ Measured 


>>; ™~ 83 cm.-! wey Colculated 
Bac 











NORBIDE Boron Carbide for 
atomic reactors is molded into 


the shield, segments and other 


Phose Angie (degrees) 


structural parts shown. It is also 
formed into rods, discs, tubes, 


etc. to users’ specifications. 


Frequency (cps) 


NORBIDE Boron Carbide is an important con- WNORTONF 
tribution to modern progress in the field of nuelear FIG. 6. Transfer-function phases for 
energy. This hard, lightweight, chemically stable REFRACTORIES Borax-IV 
material has high boron content that makes it an ngineered R ; ay Ape ; 
é oh ++» Prescribed rhe principal unknown in the above 


outstanding absorber of neutrons without becom- : : ; 

: : - ‘ ai? N Glaking better products... transfer function is the power to void 
adioactive. For : kle Norton NORBIDE : : 

ing recionstive -:: aagapenanapbecdaapiesss sates to make your products better transfer function, which can be ex- 


Boron Carbide and other boron-rich materials, ; * pressed quite generally as follows: 
write to NORTON COMPANY, Refractories Division, Abrasives * Grinding Wheels 
adap, Bean so 


652 New Bond St., Worcester 6, Massachusetts. i paps paoatsi (” r*) (“ 7) ” (* “) 
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~ TI(1 + 758) 





T; are time constants 


where 7; and 7; ¢ 
PORTABLE FAST chosen to give agreement with experi- 
ment and A is the zero frequency value 
NEUTRON DETECTOR (18) i 

of |——— }+ These are, of course, 

nm N 0 

Special heterogenous scintillator functions of reactor geometry including 
Insensitive to gamma rays hydraulic conditions, pressure, No, and 


ie 

wes ne n/No. For small n/Npo this latter de- 
3 iol tg dane 4 greg 4 pendence is negligible, but as the region 
: DRNR 2—full scale deviation for 
ition 4 neutrons/sec/cm’. Price: $1300 


of sustained oscillations is approached, 
non-linear feedback must be expected. 
A is quite well known theoretically 


HIGH PRESSURE and experimentally from years of zero 
\, frequency work. The time constants, 


From 0.5 liters up to any volume. 
Price: from $250 The frequently raised question as to 


Other fabrications: whether boiling reactor instability is 
primarily a nuclear phenomenon or 


electrically heated loops. 


Gamma ray spectrometers 
Non overloading amplifiers 
Multichannel analysers can now be more precisely formulated. 
All Nuclear Laboratory equipments The latter will be the case when the 
T;’s and 7,’s are such as to allow v/Vo 
Societe D’Applications industrielles de la Physique | ‘o » virtually a self-sustained oscilla- 
tion; the former will be the case when 
(S.A.1.P.) the transfer function, (v/Vo)/(n/No), is 
146, Bd. de Charonne. PARIS, FRANCE. slowly varying with frequency in the 


region of unstable reactor oscillations. 
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primarily a pure hydraulic instability 


on the other hand, are virtual un- 
IONIZATION CHAMBER knowns. It should be possible, how- 
ever, to evaluate them by boiling 
150 Kg/cm* Argon or Hydrogen. experiments in reactors, as well as 














Meosured Goin ——————— 
Calculated Feedbock —---- 


Feedback (ky/n/No 


Meosured Gain (n/No/kin) 


Frequency (cps) 


FIG. 7. 
Borax-lV 


Experimental Approaches 


Merely thresholds 
amplitudes of self-induced oscillations 


observing 


does not give enough experimental in- 
formation to understand instabilities. 
Two types of experiments, 

a) Withdrawal (rapidly) of a con- 
trol rod while at power 

b) Oscillation of a control rod while 
at power 
give significant amounts of additional 
information. These are analogous re- 
spectively to square wave and sine wave 
testing of electronic amplifiers. Both 
have been done on Borax IV (4) and 
EBWR with (b) found to be much more 
useful, as expected. 

With regard to (a) the rapid ejection 


Transfer-function amplitudes for 


and 


of the central control rod of Borax IV | 
while at an almost unstable power) | 


gave the result shown in Fig. 5. 
the method proposed by Bethe (12) the 
transfer function, (n/No)/kin, obtained 
from this figure was found to have a 
0.47 This 
result was satisfactory, but could not 
be directly compared with the more 
oscillator method, be- 
cause the latter was run under different 


sharp resonance at eps. 


accurate rod 


conditions. 
In the oscillator technique, the trans- 
fer function, (n 


by dividing the power 


Using | 


No)/kin, Was obtained | 
oscillation’s | 


amplitude by the average power and by | 


the reactivity amplitude of the sinus- 


oidally moving control rod (see Figs. 6 


and 7). 
power leads the reactivity, is directly 
measured from two channel Brush re- 
cordings of the power and control rod 
position. 
which increases with power level, is ob- 
tained as one expects. 
and half widths themselves offer excel- 
lent quantitive measures of the reac- 
tor’s instability. 

Using these measured transfer func- 
tions and the theoretical zero power 
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The phase shift, positive if the | 


A resonance, the height of | 


These heights 


ay: 


a 


" Mile on 
ea a 
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Cary Vibrating Reed Electrometer 
simplifies C'4,H? and S35 determinations 


DETECTS AS LITTLE AS 10°'? CURIES—The 
high sensitivity and high precision 
of the Cary Model 31 Electrometer 

ermit minimum amounts of costly 
‘tagged” materials to be used in radio- 
active isotope studies, saving enough to 
pay for the instrument in a short time 
and materially reducing the hazard to 
iving experimental subjects. 

This greater sensitivity, plus the de- 
velopment of simplified experimental 
procedures, make the Cary Model 31 
particularly valuable in determination 
of C14 and Hi in biological and chemi- 
cal samples. With these new tech- 
niques, the smaller samples may be 
used and the use of a precipitate with 
its inaccuracies and time-consuming 
preparation is eliminated. Instead, sam- 
ples are directly converted into a gas 
which can be measured with an ioniza- 
tion chamber and a Cary Model 31. 

The ionization chamber and vibrating 
reed electrometer offer the only conve- 
nient accurate method of measuring 
radioactivity of COs-air mixtures in 
flowing systems, such as are encoun- 
tered in in-vivo studies. 


One research group led by Dr. Bert 
M. Tolbert has had considerable suc- 
cess in applying these procedures to a 
wide variety a samples and research 
problems, including studies of animals. 


NEW REVIEW PAPER 


Dr. Tolbert, now at 
the University of Col- 
orado, has authored a 
46-page paper cover- 
ing detailed proce- 
dures for C!# and 
Tritium assays, ion- 
chamber theory, 
samples and sample 
preparations, combustion of organic 
compounds to COs, design and con- 


struction of ion chambers and meas- 
urement of ion chamber currents and 
approximate calibration data. Copies of 
the paper are available from Technical 
Reports Section, Department of Com- 
merce, Office of Technical Services 
Washington 25, D.C., for $1.25 each. 
When requesting a copy, please ask for 
Bulletin UCRL-3499. 


OTHER USEFUL APPLICATIONS 


Measurement of radioactivity is only 
one of many applications where the 
Model 31 can be used advantageously. 
For example, amplification and meas- 
urement of ion currents in mass spec- 
trometry, pH determinations, precise 
measurements of small charges, cur- 
rents, or voltages from a high imped- 
ance source can all be made faster, 
simpler, less expensively and far more 
accurately using the Model 31. 


BRIEF SPECIFICATIONS 
OF THE MODEL 31 


Accuracy — Measurements reproducible to within 
1%. Accuracy limited only by the accuracy of 
the f, potentiometer, or meter used. 
Reliability—No grid current, greater freedom 
from zero drift. Much more rugged than other 
types of electrometers. 

—Open circuit input; less than 6 x 10- 
coulombs rms short period noise; less than 
5x 10-" amperes steady drift. Short circuit in- 

; less than 0.02 mv rms short pares noise; 
than 0.2 mv per day steady drift. 
10 standard ranges —Ranges provided on the 
Model 31 are 1, 3, 10, 30, 100, 300, 1,000 mv, 
and 3, 10, 30 volts. The output of the Model 31 
will operate a 1 ma recording milliammeter or a 
standard recording potentiometer. 
—lonization chambers, recorders and 
various special modifications and accessories are 
available for all types of electrometer uses. 


A new catalog on the Cary Model 31 is 
available. Write for your copy today to 
Applied Physics Corporation, 362 West 
Colorado St., Pasadena 1, California. 
Ask for Data File K9-38 
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ON MARK 


-“(iSCOl nect 


ror 


ra tf 


Typical of the precision-built quick-disconnect couplings 
designed and produced by ON MARK is Part No. 5-8016-12, 
as illustrated. These efficient couplings range in size from 4” 
to 2” inside diameter, with sizes up to 10” or larger available 


on special order. 


Fluids handled are compressed air and gases, ordinary and 
“exotic” fuels, liquefied gases, peroxide, ammonia, hydraulic 
fluids, ethylene oxide, turbine exhaust gases and low pres- 
sure cooling air. Operating temperatures range from —340° F. 
to 1000° F., operating pressures from —14.7 psi to 3000 psi. 


ON MARK quick-disconnect couplings utilize various 


operating methods - 


disconnecting remotely by compressed 


air, electrical solenoids, lanyard, pullaway, breakaway and 
combinations of these methods. They can also be connected 
or quick-disconnected with one hand in a single simple, 
push-to-connect motion under full line pressure of 3000 psi. 


For full information please contact 


ON MARK COUPLINGS 


4440 York Boulevard, Los Angeles 41, California 


Telephone CLinton 4-2278 


LEVINTHAL 


scintillation transducer 
(integrally packaged 5-in. crystal, photomultiplier, and preamplifier) 


and 
routine monochromator recordings. 
Send for data sheets or additional information 


combination of these elements improves trans- 
mission, increases pulse height, and optimizes 
resolution. 

Levinthal Nal(TI) crystals, produced in a new 
facility backed by several years of research, 
offer improved uniformity of thallium distribution 

’ 


improved optical clarity, documented in 


on these transducers or on Levinthal crystals 
either unmounted or specially mounted to meet 
your individual requirements. Contact: 


F 


LEVINTHAL ELECTRONIC PRODUCTS, INC. (Jf) 


STANFORD INDUSTRIAL PARK 
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reactor transfer function, one can deter- 


mine the feedback, oh ae 


*)(; J )(° x) 
Vo — 
ad h/H, n/No 

No). The 


phase found for this function (Figs. 6 


or k,/(n amplitude and 
and 7) are not currently understood, and 
may be sensitive to experimental errors.* 
However the order of magnitude of the 
amplitude is understood, for if one 
feedback by Vo 

a 


measured reactivity in voids), one ob- 


divides the 


tains a number near unity for the re- 
the 
expected from theory. 


mainder of transfer function as 


Predicting Instability 


It is the hope that one eventually 
might be able to predict the unstable 
points of boiling reactors in the design 
stage for two reasons: 

a) It is a factor that may limit the 
maximum power, 

b) It determines the safety of the 
reactor under operating conditions. 
Although it is not currently possible, 
the unstable points of operating boiling 
reactors may eventually be safely pre- 
dicted by experiments at low power 
The height and half width of 


the rod-oscillator-measured resonance, 


levels. 


is a direct measure of the self- 
The 
is observed to develop gradually as the 
On the other 


hand the self-oscillatory tendency, es- 


if any, 
oscillatory tendency. resonance 
power level increases. 


pecially at high pressures and large 
reactivities in voids, has been observed 
to develop very suddenly in some cases. 

Some semiempirical techniques that 
can be used today to obtain informa- 
tion about the unstable point from a 
rod oscillator experiment are: 


e An adequate theory of boiling reactor 
kinetics that describes both the rod 
oscillator experiment as well as the 
amplitude 

parameters 


self-induced oscillation 


can have its unknown 
determined by the rod oscillator. 

¢ The reciprocal of the forced-oscilla- 
tion transfer function at resonance 


Recent 


* Note added in EBWR 


transfer function measurements have had 


proot 


sufficient precision to accurately determine 
the feedback. Preliminary comparisons 
with the above theory have led to identifica- 
tion of the predicted time constants, 1/a 
and 1/7; however there are indications that 
a two-time-constant theory may not be ade- 
quate in the resonance region. 
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FIG. 8. Relation of forced-oscillation gain 
to self-induced oscillation amplitude for the 
same Ak in voids in Borax-lV at atmospheric 
pressure 


plotted against the reciprocal of the 
fraction of the power oscillating 
vithout the rod oscillator), as in 
Fig. 8, lends itself to extrapolation. 
Since the feedback transfer function 
livided by the Ak in voids is slowly 
varying with power, the forced oscil- 
lation gain at resonance can be pre- 
ted at higher powers, and hence 
ilso the self-oscillating fraction of 
the power. 
An approximate indication of the un- 
stable power is simply had from a 
plot of the reciprocal forced resonant 
gain against power level. The power 
level at which this reciprocal extra- 
polates to zero should be unstable. 
This procedure is analogous to re- 
procal multiplication vs. amount of 
fuel curves in criticality experiments.) 
* * * 
author is indebted to H. V. Lichten- 
VU. Novick, and the Idaho Division of 
as well as O. A. Schulze, consultant 
iNL from American Machine and 


y, J. W. Harrer, J. A. DeShong Jr. 
the Reactor Engineering Division of ANL. 
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Low cost 
multi-channel 
PULSE-HEIGHT 
ANALYZER 


20 channels 
100 spectrum points 


$4390 

FEATURING: 

% Building Block Design — Installation 
can be expanded as desired 

% 10 to 50 channel capacity 

% 5 digit direct readout 

% Excellent stability & resolution 

% Window amplifier system yields 50 to 
250 spectrum points 

% Simplified operation—easy to maintain 


The Eldorado Model PA 400 brings 
multi-channel analysis within the 
budget range of even the smallest 
laboratory. Expandable from 10 to 
50 channels, the building block de- 
sign enables the user to purchase a 
basic instrument and add additional 
10-channel increments as needed. 
The window amplifier circuit pro- 
vides for a continuously variable se- 
lection of any 20v segment of spec- 
trum under study. With this design 
up to 5 times the number of data 
points as there are available chan- 
nels can be obtained. 

By adding an Eldorado Model 
TH 300 Time-to-Pulse Height Con- 
verter, the above system becomes a 
Time-of-Flight Spectrometer and a 
Milli-microsecond Time Interval 
measuring device. 


SPECIFICATIONS 
INPUT PULSE RANGE: 5 — 105v 
COUNT STORAGE: 105 counts per channel! 
CHANNEL STABILITY: + 15 my referred 
to the window amplifier input 
PRICE (f.0.b. factory): 
10 channels — $2990. 
30 channels — $5790 
50 channels — $8590. 
Write fer complete technical information. 
Address department N3. 


Eiidorado 
Eeilectronics 


2821 Tenth Street 
Berkeley 10, California 


Hazards Evaluation of the 


Yankee Reactor 


“My name is Clifford K. Beck .. . 


” With these 


words the head of AEC’s Hazards Evaluation Branch 
began his testimony on the safety of the Yankee 


reactor. 


Because of the insight it provides into the 


design and operation of that reactor, NUCLEONICS 


presents this adaptation of Beck’s testimony, with 


particular emphasis on novel aspects. 


The plant is 


being built by Yankee Atomic Electric Co. at Rowe, 


Mass. 


The Yankee reactor will be generally 
similar to the Pressurized Water Reac- 
tor (PWR) now in operation at Ship- 
pingport, Pa. Unique features of the 
Yankee design, from a hazards-evalua- 
tion point of view, include the use of 
neutron-absorbing boric acid dissolved 
in the reactor coolant to assist the con- 
trol rods in holding the reactor sub- 
critical before the coolant has been 
heated to operating temperature, the 
existence of nucleate boiling in parts of 
the core at full power and the large 
buildup of plutonium in the core as a 
result of the long operating cycle. 


Chemical Shutdown System 


The chemical shutdown system in- 
jects the neutron-absorbing chemical 
into the reactor coolant system at 
shutdown to complement the neutron- 
absorbing rods and removes the chemi- 
eal during startup. The 
consists of a mixing tank and transfer 
pump for adding the boric acid to the 
reactor coolant system and two ion ex- 
changers for removing it. About 1.6 
gm of natural boron per liter of coolant 
should suffice to hold the clean cold 
reactor approximately 3% subcriti- 
cal with at least one of the control rods 


system 


withdrawn. 

For shutdown, boric acid is injected, 
while the reactor is still at operating 
temperature and pressure, over a period 
of 30 min at a rate of about 100 gpm. 
For startup, boron is removed from the 
main coolant system by draining part 
of the reactor coolant and replacing it 
with fresh coolant. After the fresh 
coolant has circulated and mixed, this 
Only 5% of the 
boron remains in the coolant after 
about 11 hr of repeated diluting. The 


process is repeated. 


remaining boron is removed in the ion 
exchangers so that, after 22 hr, very 
little boron remains in solution. 

The fuel enrichment used to give the 
required 10,000-hr core life at 392 Mw 
is2.6%. With about 19% excess reac- 
tivity in the cold clean core, the control 
rods control about half, and the boron 
in the primary coolant controls the re- 
maining half. In the hot, clean condi- 
tion, with the boron removed and the 
control rods inserted, k,;; is <1, i.e., the 
reactor is subcritical with control rods 
alone. 

Evaluation. 
tors have a high degree of inherent 


Pressurized-water reac- 


stability due primarily to the large 
coefficient of 
with the large 


negative temperature 
reactivity associated 
temperature change in density of the 
coolant-moderator superimposed on 
the somewhat smaller negative tem- 
perature coefficient of the fuel. A fur- 
ther stabilizing effect results from the 
negative void coefficient of reactivity 
that tends to reduce and limit the reac- 
tor in large transients accompanied by 
void formation due to boiling. The 
introduction of dissolved poison into 
the primary coolant tends to reduce the 
moderator’s negative temperature and 
void coefficients. 

The coolant-moderator coefficient is 
a property of both the fuel and water. 
The major contribution to this coeffi- 
cient comes from the expansion of 
water and is therefore dependent on 
heat transfer between the fuel and the 
water. Since the fuel in this reactor is 
UO; in stainless-steel tubes, the effect 
is delayed because of the relatively 
poor heat transfer. Yankee has calcu- 
lated that this coefficient is —2.7 X 
10-*/° F rise in coolant temperature at 
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room temperature and —2.7 x 107-4/° F 
at operating temperature. 

The addition of boron to the water 
decreases the coolant-moderator tem- 
perature coefficient because with heat- 
ing the water will expand and displace 
This is 


similar to withdrawing the control rods 


poison from the reactor core. 


and causes the reactor power to in- 
There are other effects, how- 
ever, that partially compensate for this. 


crease, 


For the concentrations of boron to be 
used in this reactor, it is my view that 
the composite coefficient will almost 
With the maxi- 
concentration of 
boron in the water, the values of this 
coefficient calculated by Yankee are 

1.6 < 10-°/° F at room temperature 
—1.6 <X 10-4/° F at operating 
temperature. 


certainly be negative. 


mum anticipated 


and 


These values placed on the tempera- 
ture coefficient, and the effect of boron 
on this coefficient, appear to be reason- 
able. Thus, though the magnitude of 
the coefficient is reduced by the addi- 
tion of boron, it will remain negative 
for the boron concentrations to be used 
in this reactor. 

The fuel-temperature coefficient is 
fast acting and consists of two parts— 
the oxide expansion coefficient and the 
Doppler coefficient. The oxide expan- 
sion coefficient should be smaller than 
the Doppler coefficient by about a fac- 
tor of ten and therefore need not be 
considered. Boron in the water has no 
appreciable effect on the magnitude of 
the Doppler coefficient, which is about 
—7.0 x 10-*/° F, at both room and 
operating temperatures. 

The void coefficient is similar to the 
coolant-moderator temperature coeffi- 
cient in that it is a property of both the 
Because of the 
relatively poor heat transfer between 
fuel and water, the effect of the void 
coefficient is delayed in its action, espe- 


fuel and the water. 


cially in a power transient. Because 
that under actual 


operating conditions are concentrated 


voids are formed 
in specific places in the core, the local 
void coefficient is more meaningful and 
useful than the over-all void coefficient. 
The latter coefficient can be calculated 
quite easily by assuming that the 
voids are formed uniformly through- 
but 


calculate a 


out the 
difficult to 


coefficient. 


water, it is extremely 


local void 

The over-all void coefficient with no 
boron in the water has been calculated 
to be —0.3%/percent void, and with 
1.6 gm of boron per liter in the coolant 


it is about —0.1%/percent void. Be- 
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vause experience has shown it is diffi- 
cult to calculate these values, there 
have been cases in which a positive 
void cofficient was found where a nega- 
tive one had been expected. If a posi- 
tive coefticient should be found, it now 
appears that it probably would not be 
safe to proceed with operation. How- 
ever, the value of the void coefficient is 
quite dependent on details of the fuel 
loading and spacing, and it is quite 
probable that, through minor revisions 
in the structural features of the core, 
negative void coefficients of sufficient 
magnitude obtained. The 
values of the void coefficient will be 
determined in advance of power oper- 
ation by experiments in mockups and 
in the initial runs of the reactor itself. 

Yankee has stated that it is not in- 
tended that the reactor will operate at 
power with the boron in the coolant. 
This minimizes the concern over the 
effect of the boron under normal condi- 
tions, but inadvertent reactor opera- 
tion at power with boron in the coolant 
cannot be completely ruled out at this 
time. 

Another possible problem is the in- 
advertent reduction in poison concen- 
tration, e.g., by precipitation or dilu- 
tion, when it is needed for control. 
This could 
similar to a cold-water accident. 

The possibility of an accident due to 
reconnecting an isolated loop in which 
the boron concentration is different 
from that in the core is minimized by 
an operating procedure that requires 


can be 


cause a reactor accident 


sampling and chemical analysis of the 
boron concentration before reconnect- 
ing a loop. I 
agree with Yankee that slow-opening 
valves would limit the magnitude of 
these types of accidents to less than 
that of the maximum credible accident. 


previously isolated 


Core Design and 
Nucleate Boiling 


The thermal and hydraulic design of 
the core is based on the following con- 
siderations: (a) local boiling in the sub- 
cooled liquid can be permitted in the 
core; (b) bulk boiling should not exist 
in the core; (c) the maximum heat flux 
in normal operation should not exceed 
50% of the calculated burnout heat 
flux; (d) factors should 
take into account variations in dimen- 
flow neutron 


hot-channel 
sions, distribution and 
flux. 

The hot 
average and maximum values are 3.36 
for the temperature rise through the 
core, 7.36 for the film drop and 5.17 for 


channel factors between 


the heat flux. Based on these factors, 
the temperature of the coolant at the 
outlet of the hottest channel will be 
599° F, or 37° F below the saturation 
temperature at 2,000 psia. The maxi- 
mum metal-surface temperature is 
642° F, or 6° F above the saturation 
temperature at 2,000 psia. The maxi- 
mum heat flux is 4.49 x 10° Btu, 
ft?/hr. The hot channel factors also 
determine the maximum fuel-pellet 
temperature of 4,500° F—500° F below 
the estimated melting point of UOs. 
The pressure drop across the core at 
the required velocity of 14 ft/sec is 14 
psi. The total pressure drop from the 
inlet nozzle to the outlet nozzle is 28 psi. 

The existence of nucleate boiling in 
the core is a feature that offers some 
unresolved aspects of safety. The full 
implications of the intended operational 
plan that will produce a continual con- 
dition of incipient boiling—that is, the 
power density, temperature and pres- 
sure conditions such that the boiling 
condition will be closely approached 
and possibly exceeded at the hottest 
local areas—have not been fully ana- 
lyzed. I believe, however, that no 
unresolved hazards will exist when the 
analysis and the design have been com- 
pleted, particularly if there is a strong 
negative void coefficient. 


Core Life and Pu Buildup 


Because this reactor is intended for 
the production of electric power, it is 
not expected to be subject to frequent 
startups and reloading. Present plans 
call for refueling shutdowns at intervals 
of more than a year. Thus, while the 
amount of fission products built up in 
the core will be greater than that of a 
testing or research reactor, the number 
of startups will be fewer and the prob- 
ability of a startup accident will be cor- 
respondingly reduced. This is an im- 
portant consideration since this type of 
accident is often considered the most 
likely. 

A possible disadvantage of the long 
operating cycle is the unknown effect 
of a large buildup of plutonium. The 
Pu buildup may affect the fuel-tem- 
perature coefficient adversely and, 
thereby, reduce the magnitude of this 
inherent safety characteristic. Pu 
buildup may change the magnitude of 
the Doppler coefficient but its quanti- 
tative effect is not known at this time. 
However, Yankee states that, prior to 
operation, this effect will be investi- 
gated and the results will be used in 
determining the final design of the reac- 
tor. It is not anticipated that signifi- 
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cant changes in design will be required 
because Pu buildup will probably cause 
a small change in the Doppler 
itself very 


only 


coefficient, which is not 


large. 


Conclusions 

There is reasonable assurance that a 
plant of the general type proposed by 
Yankee can be designed, constructed 
and operated at the proposed location 
without undue risk to the health and 
safety of the public. This is based on 
a review and analysis of information 
contained in the application, including 
the program of research and experimen- 
tation outlined by the application, and 
the experience which has been and is 


expected to be gained from design and 
operation of pressurized-water reactors. 

The principal features of the reactor 
that appear to need extensive investiga- 
tion are: (a) the use of soluble poison 
for control, (b) local boiling in the core 
and (c) the large plutonium buildup in 
the core. The final design of the reac- 
tor and its operating procedures must 
take into account the consequences of 
these features on reactor safety. 

The applicant has outlined an exten- 
sive theoretical and experimental pro- 
gram for accomplishing this. I am 
convinced that the uncertainty associ- 
ated with these features can be satis- 
factorily illuminated by programs such 
as those outlined by the applicant and 
that there is no reason now apparent 
for believing that inherently unsafe 
features will exist in Yankee. 


A Simplified P; Approximation 
Method for Calculating 


Thermal Utilization 


By EARL M. PAGE* and RAYMOND L. MURRAY 
Physics Department, North Carolina State College, Raleigh, N. C. 


The accurate calculation of the ther- 
utilization f for a 
thermal reactor with large macroscopic 


mal heterogeneous 
cross section for the fuel region requires 
Diffusion 
theory is not adequate in many reactors 


the use of transport theory. 


because of enrichment, excess fuel for 
long reactor life or use of burnable poi- 
son. Calculations by the conventional 
form of the spherical harmonic (P,) 
approximations of transport theory (1), 
however, are laborious. 

In this simplified method, the P; ap- 
proximation is reformulated for plate 
systems in such a way that the thermal 
utilization is computed directly in terms 
of the F and £ factors (2) of diffusion 
cell theory.. That the absorption cross 
section of the moderator is small com- 
pared with its scattering cross section 
is the only simplifying approximation 
made. This condition will be met for 
a practical heterogeneous reactor. 
ASTRA, Ince., 


* PRESENT ADDRESS: 


Milford, Conn. 
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Schematic diagram’ of cell of, plate-type 
fuel element 


Example 


Consider the cell of a plate-type fuel 
element for which the absorption, scat- 
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ng and transport cross sections are 
ndicated in the figure. The ther- 
utilization, defined as (absorption 


total absorption in cell), is 


van \ m 
Wa ’ 
F+kE 
\f 
uw \ 


hand & 


eF and E are modified versions of 


VY m 


med th 


2.02312 anc 


ye 

LyT 
1.95342. 

The value of f obtained by the formal | 
P; approximation is 0.66249, a differ- | 
ence of only 0.2% from the result of the | 
foregoing simplified method. In con- | 
trast, f as computed by ordinary diffu- | 
sion theory is 0.67705, corre- 


sponds to a discrepancy of 2.2% in f 


which 


and a difference of approximately 7% 
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in fuel-plate absorption. 
fied method lends itself readily to desk 
calculator work with about one hour | 
required for the determination of one 
value of thermal utilization. 


The formulas are dis- 
ed below, along with a numerical 


new working 
istration based on an assembly for 
the half widths of the fuel region 
moderator = ().02921 


w = 0.60816 cm, and for which 


are W cm, 
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Perturbation theory techniques help in . . . 


Predicting Reactivity at High Burnup 


By BERTRAM WOLFE 
Atomic Power Equipment Department, 
Vallecitos Atomic Laboratory 


General Electric Co., San J ose, Califor nia 


As a reactor operates, changes in 


composition occur in its core. Fuel is 
depleted, other materials of high cross 
section are burned, xenon and 
other fission products build up. These 
changes affect reactivity and the reac- 


and 


tor designer must be able to evaluate 
their effects in order to optimize reactor 
design. 

The brute-force approach to this 
problem has been to make a series of 
standard reactor calculations, each one 
corresponding to a different time during 
the burnup cycle. We describe here a 
simple perturbation technique that can 
be used to calculate burnup effects 
taking into account the spatial varia- 
tion of the burnup.* The complete 
reactor operating history (see Fig. 1) 
can be followed and adjustments in 
initial fuel loading can be made, all on 
the basis of a single standard computa- 
tion of a uniformly loaded core. The 
technique is particularly well suited for 
determining the effect of a burnable 
poison and the optimum poison and 
fuel loading. 

As with all perturbation calculations, 
an “exact” solution is not obtained. 
However the method gives quite accu- 
rate results for 
highly enriched thermal reactors. 


many, if not most, 


Perturbation Method 


Although 
changes in flux levels and core composi- 
tion, the shape of the thermal flux dis- 
tribution is in many practical cases not 
greatly affected. For 
Cohen (2) has used one-group treat- 
ment to show that the flux shape in a 
bare reactor does not change appreci- 


causes marked 


burnup 


instance, K. 


ably, provided that = < 4 where 
De 

Ak emax iS the maximum change in kz at 
any point in the reactor, and ke, is the 
critical value of k~. Cohen points out 
that this is actually a weak condition. 


* The inadequacy of assuming a uniform 
‘‘average”’ core change is well known (/ 
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Boron burnup 


Fission products 





5 10 5 
Days After Startup 


FIG. 1. Change in reactivity with time in 
high-flux test reactor as calculated by per- 
turbation method. Separate presentation 
of different reactivity effects shows how 
boron burnable poison reduces total reac- 
tivity change by 8.5% 


In the appendix we show with two- 
group treatment that, if the effect of 
burnup changes on the neutron econ- 
omy in a core region is small compared 
to the neutron leakage from the region, 
the thermal flux shape will not change 
significantly. Cohen’s results (kz — 1 
is the leakage) indicate this conclusion 
may be conservative. In any case, 
since highly enriched reactors have 
10%, 
siderable change in the core parameters 


neutron leakages of 10% a con- 
is required to alter the flux shape. 
The fact that the thermal flux dis- 
tribution remains fairly constant dur- 
ing the reactor cycle that 
perturbation theory can be used to 


suggests 
evaluate burnup effects (3). To see 
this, consider the solution of the eigen- 
function problem for a reactor core, 
using simple two-group theory (the 
method applies just as well for three or 
more groups). With no resonance cap- 
ture, the diffusion equations may be 
written 


—D,V?di + 2 spo: =v ?: 

—D.V*o2 + Zab: — Vsvdi1 = 0 (1) 
One 
seeks the lowest eigenvalue v and its 
eigenfunctions $, and @2 which depend 
upon the physical properties of the 


where standard notation is used. 


reactor. 

To do perturbation calculations, the 
adjoint fluxes $;+ and @.* must also be 
available. The adjoint fluxes are the 
solution of the adjoint equations. 


= 0 
9) 


(2) 


—D,V?¢o,t + DZ spo" — LZ spo" 


—D39*o3+ + Zagds* = v Zo" 


For a method of obtaining adjoint 
fluxes with computer codes that calcu- 
late normal fluxes see p. 121. 

Assume that Eqs. 1 and 2 have been 
solved for the initial uniformly loaded 
core. Then, as the reactor operates, 
>. will change to 2, + 62Z,, 2, to 
z=, + Ly, o: to $1, 2 to d's, and v to 
v’. 62, and 62, are functions of 
In highly enriched thermal 
reactors, the changes in the diffusion 


position. 


coefficients and in 2sp are extremely 
small and will be neglected. 

According to perturbation theory, 
the change in v (the number of neutrons 
per fission required for criticality) pro- 
duced by a change in the reactor param- 
eters can be written 


év = s +6 2. 2 — vf ost » o's 
J oi 2, o's 
(3) 


where 6v = v’ — pv. 


Equation 3 is exact. If we assume 
that the thermal flux shape in the reac- 
tor does not change during the running 
cycle, then we can replace the unknown 
flux $’» with the known flux @». 


this approximation we derive the reac- 


Using 


tivity change produced by each of the 
following effects: 

¢ Fuel burnup. Let 22; be the mac- 
roscopic absorption cross section of the 
fuel and a2; be the microscopic absorp- 
Then at 
time ¢, for any point in the core 


tion cross-section of the fuel. 


4) 


where Zax? is Ze at {=QW@ 
and @¢2 is the thermal flux. 
in Dos is then 


The change 


. y Ss «o 
O ad = ad 25 od 25 
FF ¢@ 1 
a 25 


—~ «¢ 


Dy [1 — em Jomee ede] (6) 


Substituting Eqs. 5 and 6 into Eq. 3 
yields the change in v due to the burnup 
{foot Za —e7 Jesbsithdtld, 
—v' fit Bl —e- Sonne 

| oitZ os 


} 


4\o} 

(7) 
where @$’. has been replaced by gz, 
since the shape of @2 is assumed not to 
Although the shape of 2 does 
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There- 


not change, its magnitude does. 
¢» (t) can be written 


g(t) = dee(t) (8) 


where @¢ is the initial flux at ¢ = 0, and 
c(t) is dependent only on time and not 


lore 


on position. Using Eq. 8, expression 7 


rewritten 


can be 


ZF .tt e o202 fedt) g, 
v J oi 2; de 
} >,° ( 1 —" G22 fedt) g, 
5 — ge ieee - (9) 
v | git 27 de 


Equation 9* represents the reactivity 
change due to fuel burnup. f c dt is 
easily calculated (see box) so that all 
that is required for the evaluation of 
Eq. 9 is a knowledge of the initial and 
adjoint flux distributions. For short 
term effects (small burnup) the expo- 
nents in Eq. 9 can be expanded. In 
Eq. 9 
numerically; but in simple core geome- 
this is not a difficult task and in 
complicated core geometries, the work 
and expense involved is small compared 
to that required by other methods. f 

® Burnup of other materials. The 
effect of the burnup of other materials 
is calculated exactly as described for 


general, must be integrated 


tries, 


U except of course, that the cross- 
sections for these materials are used 


* Equation 9 assumes that dy is so small 
For more accuracy Eq. 3 can 
be solved explicitly for v1. 

| E.g., doing a series of successive calcu- 
solution of the time 
lependent equations. 


nat 3 v. 


ations or exact 


and not the U*** cross-sections. Thus, 


for boron: 


— f dst Bae (1 — erect gy 


6v = . 7 
J 9," 2;° 2 


(10) 


where oz is the microscopic boron cross 
section and 2,° is the macroscopic 
boron cross-section at startup. 

® Xenon buildup. At equilibrium 
the macroscopic xenon absorption cross 
section can be written (4) as 


» > a 
p= pa Bek a Y2) 25 og: (11) 
25 (Az + O22) 


where 62, = the xenon macroscopic 
absorption cross section and the rest of 
the notation follows (4). 62, can be 
inserted in Eq. 3 for 6 2, to determine 
the effect of equilibrium 
xenon. 

The change in equilibrium xenon 
effect with time can be obtained by 
using Eq. 4 in Eq. 11 for 225 and sub- 
stituting (A. + oedec) for (Ae + o2¢2). 
With high flux reactors (i.e., test reac- 
tors), the arithmetic can be eased. 
For a flux of the order of 4 «K 10" 
n/em?/sec, Eq. 11 yields 


reactivity 


>, = 0.049 D.; (12) 


This relation has only a very weak de- 
pendence on flux. The use of Eq. 12 
considerably simplifies the evaluation 
of Eq. 3. 

eOther fission products. The 
buildup of fission products other than 
xenon in highly enriched reactors has 
been studied in detail by Deutsch (5). 





How to Evaluate c(t) 


The perturbation technique assumes that the magnitude but not the 


shape of the thermal flux distribution changes with time. 
this is expressed by writing the flux at time t as ¢(x,t) 


Mathematically 
do(x)e(t), where do 


is the initial flux distribution and c is a time dependent normalizing factor. 
lo evaluate c(t) we observe that the energy put out by the reactor is pro- 


portional to the amount of fuel burned up. 


Thus, at time t after startup 


Das’ (1 — en tutefiedt) de = K f' Pat (I) 


where P is the reactor power, K is a constant relating fuel burnup to energy 


and the integration on the left is performed over the core volume. 


Equa- 


tion I can be evaluated to give the time t corresponding to a given value of 


l'cdt. 


\ssume now, that, after Eq. I has been evaluated for a particular loading 


. FSF o . e + 
characterized by 2.;", the loading is increased to the value U >.;. 


Then ¢: 


is changed to ¢./U and Eq. (1) becomes 


fur.a 
f > ee a 


a 25 


where P.,,, 


— e%2%/U feat) gy = 
~= @-?nbsf4/") ay 


is the average power level over the time-interval t. 


Kf Pde 
= KP(t/l (II) 


Comparing 


Eq. Il with Eq. I and assuming that the power level is constant, one sees that 
the exponent in the integral must have the same value at t/U as it previously 


had at t. 
factor U changes f(t) to f(t/U). 
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In other words, if ¢2 fi edt = f(t) then a change in 2,," by the 
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FIG. 2. Buildup of fission products (less 
xenon) with fuel burnup 


Figure 2 is a plot of Deutsch’s data. 
In computing the fission product effects 
as a function of time, Deutsch’s curve 
can be approximated as shown in Fig. 2 
by an initial step and a straight line. 
Then 


6 ZL,» = 0.0152 Los® — 0.0379 5 Los 
(13) 


Although this approximation is not 
necessary, iteases the calculation. The 
effect of the fission products on reac- 
tivity is found by substituting Eq. 13 
in Eq. 3. The effect of the first term 
in Eq. 13 can be evaluated immedi- 
ately. The effect of the second term 
as a function of time can be obtained 
by multiplying the reactivity effect 
previously obtained for the change in 
2.5 (see Eq. 9) by 0.0379. 


Control-Rod Effects 


In the calculations thus far described, 
the effect of control-rod motion has 
been explicitly neglected. In almost 
all cases of interest, the neglect of con- 
trol-rod motion will cause an under- 
estimate in the length of the running 
cycle. This is because control rods are 
usually operated so as to increase 
burnup in regions of lower weight thus 
keeping the hot spot factor low and 
lengthening the running cycle as much 
as possible. 

Moreover the integral nature of the 
perturbation calculation, minimizes the 
effect of neglecting control rod motion 
in most cases. This can be seen by 
noting that the perturbation expres- 
sions involve integrals over the core. 
If the fluxes and adjoint fluxes do not 
change rapidly, there can be large local 
alterations in the burnup distribution 
without the integrals (i.e., the reactiv- 
ity) being greatly affected. 

In those cases, where the change in 
burnup distribution caused by control 
rod motion does have an appreciable 
effect on reactivity the methods out- 
lined in this paper can still be used if a 
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energy, servo mechanism, controls 
or instrumentation. Should have 
preferably 4 years’ additional 
experience. 
6. Senior Engineer Research: 
PhD. or M.S. degree with a back- 
ground in heat transfer relating 
to gas or liquid cooled nuclear 
power plants, preferably of air- 
craft type. 
7. Senior Structural Engineer or 
Stress Analyst: Several years’ ex- 
perience in mechanical stress and 
structural analysis. M.S. or B.S. 
degree or equivalent. 
Write: Mr. A. W. Jamieson, 
Rocketdyne Engineering 
Personnel Dept. C-3 
6633 Canoga Ave., Canoga Park, 
California 
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FIG. 3. Burnup calculations on proposed 
reactor using stainless-steel fuel elements: 
(a) calculations show original core would 
need 13% Ak/k excess reactivity for 
100-day cycle; only 10% was estimated 
to be available. (b) Calculations show 
addition of burnable poison to core gives 
140-day cycle for only 9% Ak/k 


reasonable estimate of the final core 


composition can be made. 


Sample Applications 


Figure 1 shows the results obtained 
with this method for 


reactor that uses a boron burnable poi- 


a proposed test 


son. The ability to display separately 
the reactivity changes due to the 
various contributing sources is an at- 
tractive feature of the 
Fig. 1, 
clearly that the boron reduces the re- 
activity 816% after 20 
days of operation. 

The effect of a change in the loading 


method. From 


for example, one can see very 


excursion by 


can also be easily calculated. Assume 
that the 


satisfactory; 


running cycle of Fig. 1 is un- 


the designer may, for in- 
extend the running 


Now it is plain that a reduction 


stance, wish to 
cycle. 
in the loss of reactivity by burnup can 
initial 
diffi- 
boron 


be achieved by increasing the 
content of boron. Of course, the 
culty is that an initial increase of 
calls for an initial increase of U** to 
provide the required reactivity at 
startup. The situation faced is that a 
change in boron requires a change in 
effect 
methods de- 


U***, which in turn changes the 
of the boron, etc. The 
veloped above lead to a simple means 


of solution. Examine the effect of in- 


creasing the boron content by the fac- 
tor B and the uranium by the factor U. 
From Eq. 10, the net result (for a given 
J c dt) is to multiply the effect of the 
boron by the factor B/U. On the 
other hand, both the numerator and the 
denominator of Eq. 7 are multiplied by 
U’, so that for a given f c dt, the effect 
of U2 The 


same fission product 


burnup does not change. 
holds true for 
effects and for the xenon effect in high 
flux reactors where Eq. 12 can be used. 
flux 
change in loading will change the flux 


However, for low reactors, the 
level and Eq. 11 must be re-evaluated. 

Due to the change in flux level, the 
value of 2 fi cdt = f(t) will be changed 
for a given period of operation, t. The 
box shows that if the initial uranium 
content is multiplied by U, then 
de J ocdt = f(t) will be changed to 
f(t/U). In other words, the time scale 
must be changed by the factor U in 
to keep 2 f c dt the same as be- 
fore the change. 

To sum up then, if the boron is in- 
creased by the factor B and the fuel by 
the factor U, the time 
should be multiplied by U and the 
value of the boron curve by B/U. The 
exception to this procedure is the xenon 
effect in the case of a low-flux reactor.* 
illustrates the use of the 
method in the preliminary design of a 


order 


scale of Fig. 1 


Figure 3 


reactor using stainless steel fuel ele- 


ments. Figure 3a shows the running 


cycle in the initial design where burn- 
able poisons were not employed. It 
can be seen that 13% excess reactivity 
is required to achieve a 100-day running 
In the design proposed, it was 
doubtful that there would be more than 
With the 


methods described in this paper, a sec- 


cycle. 
10% shim control available. 


ond loading with a burnable poison 
(boron) was found that had an initial 
Keer Of 1.09 and in which boron burnup 
compensated for uranium burnup at 
the start of the cycle. The results are 
shown in Fig. 3b—a 1 10-day cycle 
achieved with 9% control in Ak/k. 


An interesting check of the perturba- 


was 


tion method is shown in Figs. 4 and 5. 
Here, a fuel 
elements was being designed. Equa- 


reactor using aluminum 


tions | and 2 for the uniform core were 
solved on an IBM-650 computer to 


obtain the fluxes and adjoint fluxes for 
the initial loading (no burnable poison). 


* In a low-flux reactor, the change in the 
xenon effect can be roughly estimated, the 
and then 
the xenon can be recalculated using Eq. 11. 
xenon effect can be ob- 
tained roughly on the basis of the change in 
flux using (3) p. 568. 
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core loadings adjusted as desired, 
The « hange in the 


average 





« Perturbotion coiculations 
* Uniform-burnup calculation 
Sucessive IBM.650 calculations 











5... oe 
Time (10® sec) 


FIG. 4. Results of perturbation method for 
reactor with Al elements are compared with 
uniform burnup calculation and to series of 
successive !IBM-650 calculations. Notice 
excellent agreement between perturbation 
and the successive calculation results 


The reactivity versus time (Fig. 4) was 
then calculated using the perturbation 
To check this technique, 

total time of operation (30.27% 
erage burnup) was divided into four 
ual periods and four successive two- 
up calculations 
these, the 


were performed. 


core was broken into 
en annular regions and the cross 
ctions in each region calculated using 
flux from the previous calculation. 
The reactivity calculated as a function 
f time in this way is compared in Fig. 
1 with the results of perturbation 
et} od 
Figure 5 compares the flux distribu- 
obtained from the last of the four 
ulations with the initial flux distri- 
Also shown is the final flux 


ition resulting from a single cal- 


bution. 
listrib 
culation that used cross sections based 
on a burnout having the original flux 
shap The change in reactivity calcu- 

by the perturbation technique 





Comparison of k,,; Calculated by Dif- 
ferent Methods 


Per- 


tur- cessive 


Suc- 
Uni- 
bation  calcu- 


method 


form 


lations burnup 


Loading 1 
$92 kg U? 
tofeyecle* 1.060 

30.3 ‘ 


1.060 1.060 


irnup 0.946 0.945 1.00 

Loading 2 
Start of cycle 
After 28.49, 


irnup 


1.060 1.060 1.060 


1.013 1.0125 1.038 


nitial calculation is used for all 


thods 
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little things 
that count 


* Borg-Warner Corp. T. M. 


3300 NEWPORT BOULEVARD, P. 0. BOX 


Perhaps there is some merit to friend 
Sherman’s method of counting escaping 
neutron and gamma rays. We are cer- 
tainly not going to scoff at what may well 
be experimental originality in the field of 
nuclear research. However, we opine that 
Sherm’s calculations are a bit too extreme. 
Accuracy might better be achieved by one 
of our DETECTOLAB* Nuclear Systems. 

The people at one of America’s great 
nuclear research centers agree. That's 
why reliable DETECTOLAB instrumentation 
has been selected for their new shielding 
research area. The open-tank pool type 
facility is to study the shielding properties 
of materials and configurations exposed to 
radiation resulting from fission of U-235. 

Fast neutron and gamma radiation 
measurement involves DETECTOLAB proton 
recoil and multiple-crystal gamma ray 
spectrometers plus instrumentation to in- 
dicate pool and source-plate temperature, 
pool radioactivity, bridge and tower posi- 
tions, boral curtain position and fission 
plate power. Indication and control will 
be from a central console. 

Our capability to perform well and 
within budget on such interesting applica- 
tions is widely recognized. Write for our 
Application Report and a new short form 
catalog that lists and describes the more 
standard off-the-shelf DerTrecToLaB Nu- 
clear Instruments. We would leap at the 
opportunity to discuss those, or more 
unique products, should you care to 
inquire. 


BJ ELECTRONICS 


BORG-WARNER CORPORATION 


Reliability you can count upon 


1679, SANTA ANA, CALIFORNIA 


EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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of materials, this book gives the engineer a 
sure mastery of fundamentals for dealing 
with today’s materials problems—and those 
of tomorrow. Shows you to what extent 
important properties are present in different 
materials—how they can be measured—for 
what purpose their presence is desirable, etc 
By J. P. Frankel, ech. Inst. of Northwest 
U. 225 pp., 46 ilfus., $6.00 
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Foundation. 1535 pp., 402 illus., $15.00 
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Single-step IBM 650 calculation 
Four-step IBM 650 calculation 


>. 
Pa 


nitiol flux 
distribution 


10 15 20 
Radius (cm 


FIG. 5. Thermal-flux distributions for reac- 
tor discussed in Fig. 4. Flux shape does 
not change for an average burnup of close 
to 30%. Single step IBM-650 calculation 
uses cross sections computed for constant 
thermal flux shape. Agreement with initial 
flux provides check of perturbation. 


was Ak/k = 10.75%, by the successive 
calculation, method, Ak/k = 10.85‘ 
Following this the core loading was 
changed and burnable poison added. 
Using the perturbation 
loading was found that had an initial 
kee of 1.06 and the boron concentration 
was set so that the boron burnup com- 


method, a 


pensated for the uranium burnup at the 
start of the The after 
28.4% burnup was calculated, using the 


cycle. hou 


techniques of this paper, to be 1.013. 
After the perturbation calculations 
were complete, a new set of successive 
IBM-650 calculations were performed 
for the 
The keg * the start of the cycle was 
1.060, while after 28.9% 
average burnout k.g was 1.0125. 
The table the 
obtained techniques in 


core with burnable poisons. 


found to be 


compares results 


the 
the successive 


using 
this paper, calculation 
method and the result obtained assum- 
ing uniform burnup. 

It should be noted that the successive 
calculation technique required ten 
IBM-650 solutions of the complete re- 
actorsystem. The perturbation calcu- 
lations required only one IBM-650. 


It is a pleasure to acknowledge the work of 
Dr. D. Fischer and Mr. M. 
performed a number of the detailed perturba- 
tion calculations described in this paper and 
extended the use of these 


discussed. 


Weiss who have 


methods to cases not 
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Appendix—Thermal Flux Distribution Stability 


Assume that the absorption and fission 


cross-sections in a reactor are changed so 
that: 
ToS +5 (1 
— 


a4 wn a 
Soy 4 > 
2, > v2, + i(v >) 

Let the unperturbed fluxes be ¢: and @: and 
let the perturbed fluxes be 8¢@: and ade. 
Where 6 and a are functions of position. 

Then the diffusion equations for the per- 
turbed reactor are: 


DiV*Boi + ,, Bor 


id i(v >) ad: — v2, ad: = 0 


— DoV*ade + 2. ag: + 6 2. ad: 
— > 


sp 


Bo; = VU 


4 for B yields 
a 


_, 


Solving Eq. 


— DsV? ads gz: + atid oo: 


s 
“SD ?1 


Insert Eq. 5 in Eq. 3 and arrange terms 


obtain: 


rV? (—D:V?%a¢d: + 
?< { (» ad 
ni 
s 


Equation 6 is the critical equation de- 


termining the perturbed thermal flux ad: 
and the corresponding eigenvalue v + év. 
Now it should be noted from Eq. 6 that 
brackets ({ ]) are the 
only terms that contain the changed cross- 
the the brackets 
add up to Zero every where, the equation for 


the last terms in the 


sections and if terms in 
ad: is the same as the equation for @ In 


therefore, a must be a constant 
flux 


perturbations. 


this case, 
the 
changed by the 


and thermal distribution is un- 
[However, 
as shown by Eq. 5, even if the terms in the 
brackets do add up to 


in the fast flux providing 6 S 
“—_a 


zero, there is a 


change ~~ ().} 
The physical significance of the terms in 
Assuming that 
the 


5(v S\_)@2 is the excess number of neutrons 
a“ 


the brackets is plain. ais 


constant and made equal to 1, term 


produced over the unperturbed case; the 


term 6 Ze ¢: is the number absorbed and 


the term rV*6 D>, is the excess (fast) 
neutron leakage due to the change in shape 

If these terms add up to 
the 


balanced 


of the fast flux. 


zero, therefore, neutron will 
still be 


thermal flux shape. 


economy 
without changing the 
the 
for measuring the severity of a perturbation 


Equation 6 indicates that criterion 


involves 
the 


on the thermal flux distribution 


magnitude of 
— 


a! 6 


the comparison of the 


terms in the brackets with (rd, 2. 


ys S \de in ecus . ' 
But (3 pot D,)%: i equal to the number 
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neutrons per second leaking from a unit 

lume of the reactor. Thus, the criterion 
thermal flux distribution stability can 
stated as follows: 


Che 


effect of the perturbations on the 
neutron economy [as indicated by the terms 
he brackets in Eq. 6] should be small 


Easy Computation 


By BERTRAM WOLFE 
\tomic Power Equipment Department 
Vallecitos Atomic Laboratory 


General Electric Co., San Jose, California 


If in your multigroup code fissions 
secur only in the last group* and fission 
neutrons enter only the top group, you 
the same code to compute 
fluxes simply by switching 
some of the input data. To see how 
this works consider a typical three- 
group program in which fissions occur 
only in the third group and neutrons 
ire born only in the first group. The 
equations are 


can use 


1ajoint 


~ 


D:Vo1 — 2,01 + Zz, = 0 
DV. — 2.62 + Zsv,o1 = 0 
D:Vo3 — 2,463 + Zsv,02 = 0 


c 
c 
c 


(1) 


vhere, for group n, D, is the diffusion 


coefficient, Z,, is the removal cross- 
section, sp, is the slowing down cross- 
section, 2,, is the fission cross-section 
and @, is the flux. 


In matrix notation Eqs. 1 become 
vi@ — K@ = 0 (2) 
the vector 


where 


® is 


matrix J is 


0 0 
0 O 
0 0 


and the matrix K is 


( 0 SD, —~v° Dav + e 


(5) 


tne 


roblem has fissions in more 
group and fission neutrons enter 
more than one group, the above procedure 

n still be used by making additional input 
Consider an N group prob- 
lem where N is the last (thermal) group and 
X» is the fraction of fission neutrons entering 
group n To calculate the adjoint fluxes 

ike the following additional substitutions 


your 


one 


substitutions 


, s 
Xn— <4, “fy Xi 
> >, > ——> 
XN- Ie “fn, X2 
rs 


: “f, —+ XN 


x ty 
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compared to the leakage from the reactor. 

This criterion is physically reasonable 
since, if the leakage is high compared to the | 
perturbing effect, only a small change in | 
leakage (and thus in flux shape) is required 
to balance the neutron economy against the | 
perturbation. 


of Adjoint Fluxes 


In perturbation calculations (see p. 116), 
in addition to ® the adjoint flux @*, 
must be found from 


vJ*@t — Kio (6) 


where the matrix J* is 


and the matrix Kt i 


—v-Dv + Zz, SD, 0 
( + Zr, — Zsp, ) 
-—v' Dw +2, 


(8) 


The set of equations represented by 
Eq. 6 can be written 


si DV os" 
V > DVo2* 
Vv: Diver" 


2,03" + vd;,oi* 0 
» > rn > : 

areD2 a <SD93 0 
2,,o17 T 2 sp,03* 0 


(9) 


If we relabel the quantities in Eqs. 9 
according to the following scheme we 
see that the result is identical with 
Eas. 1. 


Old label 
o;* 
o2" 
oi" 

Dy, 2, 
>» 

D2, 2, 
> 
mt SDs 


D,, 2, 


SD, 


New label 
$1 
2 


od; 
DZ 


mr, 
s 
mf, 
sy 
Ds, 2rs 
> > 
mm SD; 
>» > 
Ds, “rs 
~) 


SDs 


Thus any machine code that solves 
Eqs. 1 for the ordinary flux can be used 
to solve the adjoint equations (Eqs. 9) 
for the adjoint flux by putting D; in| 
the D, input, 2,, in the Z,, input and 
so on. @;*t, 2+ and @,*+ will then 
appear in the ¢:, ¢2, and $3 outputs 
respectively. A check on the results 
is that the value of » obtained from 
solving Eqs. 9 should be the same as 
that obtained for Eqs. 1. 


SCINTILLATION 
PHOSPHORS 


Nuclear Enterprises, pio- 
neers in scintillation count- 
ing since 1949, now offers 
these new products for 
scintillation detectors. 


PLASTIC PHOSPHOR 
NE 102 


Varied applications include— 
@ Blocks for human body counters. 


@ Slabs for cosmic ray and fast particle 
detectors. 


@ Thin sheets for alpha beta counting. 


@ Cylinders for gamma and fast neutron 
detectors. 


This plastic scintillat P ex- 
tremely high light ovtpuyt and short 
decay time, and combines superior per- 
formance and high counting speed with 
maximum efficiency and economy. Un- 
machined ingots can be supplied at 
greatly reduced cost. 


BORON POLYESTER 


NEUTRON DETECTOR 
NE 400 


For new simplicity and efficiency 
neutron detection. 

This is a boron polyester composition 
containing ZnS {Ag) activator. It pro- 
vides high detection sensitivity with an 
excellent neutron to gamma response 
ratio. This detector is now supplied in an 
efficient new geometry, as a grooved 
disk pletely d in transp t 
plastic and provided with an efficient 
reflector. Also available with enriched 
BY as NE 401. 


OTHER DETECTORS 


@ Loaded liquid scintillators containing 
Pb for X-ray and high energy gamma 
sensitivity and Gd, B, or Cd. for 
neutron detection. 

® Scintillating gels for efficient internal 
counting of suspended materials. 


® Scintillation chemicals of highest purity. 








enterprises lid. 


1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co.: 
Nuclear Enterprises (G. B.) Ltd. 
Bankhead Medway, Sighthill,Edinburgh 11, Scotland 
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Radiation Effects in Quartz—a Bibliography 


By R. BECHMANN 


U. 8. Army Signal Engineering Laboratories, Fort Monmouth, New Jersey 


Radiation effects in quartz are signifi- 
cant to our laboratories from two points 
of view. We want to determine how 
quartz-crystal 
radiation fields and to discover poten- 
tially useful effects of radiation on the 
crystals. 

Radiation causes quartz crystals to 
display changes in color, thermal and 
electrical conductivity, index of refrac- 
tion, and elastic properties. We pre- 
sent here a bibliography of literature 
that describes investigations of these 
effects. A_ brief 
effects follows a listing by type. We 
can class the effects roughly as follows: 

a. Early studies (1-5) 

b. Neutron-induced changes in ther- 
mal conductivity (6-8) 


oscillators behave in 


discussion of the 


W. C. Roentgen, A. Joffe. Uber die elec- 
trizitaetsleitung in einigen kristallen und uber 
den einfluss der bestrahlung darauf, Ann. d 
Phys. 41, 449 (1913) 

E. Rutherford, J. Chadwick, C. D. Ellis 
‘*Radiations from Radioactive Substances,”’ 
p. 187 (Cambridge U. Press, London, 1930) 
F. Seidl. Action of radium and X-rays on 
piezoelectric quartz, Sitz. Ber. Akad. Wiss 
Wien. 142, 467 (1933) 

F. Seidl, E. Huber. Effect of X-rays and 
gamma-rays on piezoelectric crystals, Z. Phys. 
97, 671 (1935) 

J. Laimbock. Effect of radiation from 
radium on d\ for quartz, Mitt. Inst. Radium- 
forschung 221a (1928) 

. R. Berman, P. G. Klemens, F. E. Simon 
T. M. Fry. Effect of neutron irradiation on 
the thermal conductivity of quartz crystal at 
low temperature, Nature 166, 864 (1950) 

R. Berman. The thermal conductivities of 
some dielectric solids at low temperatures 
Proc. Roy. Soc, A208, 90 (1951) 

P. G. Klemens. The thermal conductivity 
of dielectric solids at low temperatures, Prox 
Roy. Soc. A208, 108 (1951) 

. C. Frondel. Effect of radiation on the elas- 
ticity of quartz, Amer. Mineralogist 30, 432 
(1945) 

. E. Armstrong. Relation between secondary 
Dauphiné twinning and irradiation-coloring 
in quartz, Amer. Mineralogist 31, 456 (1946 

. C. Frondel. Secondary twinning in quartz 
produced by sawing; irradiation of twinned 
quartz, Amer. Mineralogist 31, 58 (1946) 

. F. 8. Dainton, J. Rowbottom. The kinetics 
of the coloration and luminescence of vitreous 
silica induced by irradiation with X-rays and 
gamma-rays with observations on related 
phenomena, Trans. Faraday Soc. 60, 480 
(1954) 

. F. B. Johnson, R. 8. Pease. The pile irradia- 
tion of quartz crystal oscillators, Phil. Mag 
45, 651 (1954) 

. P. W. Levy. Reactor and gamma-ray in- 
duced coloring in crystalline quartz and 
Corning fused silica, J. Chem. Phys. 23, 764 
(1955) 

15. C. 8. Brown, L. A. Thomas. 
synthetic quartz to X-ray irradiation, Nature 
169, 35 (1952) 

16. G. W. Arnold, Jr., 
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Response of 


Defects in quartz 


e. X- and gamma-photon-induced 
Refer- 


iy r 


color changes and darkening. 
ences up to 1944 are included in 9. 
more recent work see the references 10 
and 12 

d. Color effects from nuclear-reactor 
irradiation (13, 14) 

e. Darkening of synthetic quartz by 
X-rays (15-18) 

f. Change in optical absorption in 
natural and synthetic quartz due to 
X-rays (16, 19) 

g. Color-center production by X-rays 
in synthetic quartz (20-25) 

h. Change in refractive index in 
natural and synthetic quartz due to 
X-rays (26) 

i. Thermoluminescence 
X-rays (9, 12, 22) 


due to 
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provides choice of power-efficient or energy-efficient 
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Developed by High Voltage engineers.. 





the modular linacc system provides exceptional design 
flexibility. It permits standard acceleration waveguide sec- 
tions and microwave-power units to be combined for power- 
efficient or energy-efficient operation at power outputs up to 
thirty kilowatts or energy outputs from five to one hun- 
dred Mev. 


Extensive design studies, advanced manufacturing tech- 
niques, and precision-built components are combined to 
give a choice of linacc systems having maximum perform- 
ance, versatility, and reliability. 





Linaccs. 
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of the microwave electron linear 
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Corrosion and Wear Handbook 
for Water Cooled Reactors 

Edited by D. J. De PAUL (McGraw-Hill Book 
Co., New York, 1957, xi + 293 pages, $7.50). 

Reviewed by A. A. Srrasser, Nuclear 
Development Corp. of America, White 
Plains, New York. 

There are many materials problems 
in equipment design that defy solution 
by a nonexperimental analytical ap- 
proach, and even experimental results 
often defy interpretation. The added 
variables and restrictions of 
reactors make these problems even 
more difficult to solve than before. 

Two conspicuous problems of this 
type have been corrosion and wear. 
Reactor designers and will 
welcome this handbook presenting data 
heretofore unavailable to the general 
public. As Rear Admiral H. G. Rick- 
over states in the foreword, the 
book contains ‘information 
oped through the 
millions of dollars and 
man-years of effort.” 

The handbook is sponsored by the 
Naval Reactors Branch, Division of 
Reactor Development, U.S. AEC. Of 
the 54 contributing authors, 32 are 
from the Westinghouse Electric Corp., 
Atomic Power Division, including the 
chief editor, D. J. De Paul; 9 of the 
authors are from the General Electric 
Co., Knolls Atomic Power Laboratory; 
4 from the U. S. Naval Engineering 
Experiment Station; 3 from the Bab- 
cock and Wilcox Co.; 2 from the Naval 
Research Laboratory; and one each 
from Argonne National Laboratory, 
Continental Oil Co., Hall Laboratories 
and the International Nickel Co. 

The book is specifically aimed at the 
application of materials for PWR types 
of reactors, the majority of the test 
procedures and test results being for 
500° F pressurized water. A limited 
amount of data are given for tempera- 
tures of 200° and 600° F. 

The book is in three parts: the first 
part discusses fundamentals of corro- 


nuclear 


builders 


devel- 
expenditure of 
thousands of 


sion and water technology, the second 
part discusses testing procedures and 
test data, the third 
specific corrosion and wear problems. 
The fundamentals, 25 pages, cover 
aspects of iron corrosion, friction and 
wear. Ashort but valuable chapter on 
water technology describes the effects 
of radiation on water and the conse- 
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part discusses 


quent effects of the products on the 
corrosion processes. 

Considerably more space, 54 pages, 
is devoted to the description of testing 
apparatus and testing methods. Static 
and dynamic test setups are given in 
sufficient detail to start off a new re- 
searcher. This is followed by static 
and dynamic corrosion and wear data 
of the tested for 
pressurized water reactors. Data such 
as this, presented throughout the 
Handbook, are the heart of this 
volume. 

Empirical data are difficult to pre- 
sent. The authors have done a good 
job of it and have defined their termin- 
ology well. The effect of variables on 
corrosion and wear is discussed, includ- 
ing time, temperature, material heat 
treatment, surface finish, water com- 
position, water velocity and nuclear 
radiation. 

The 


problems 


various materials 


specific corrosion and wear 


discussed include crevice 
corrosion, stress corrosion, intergranu- 
lar corrosion, corrosion products in 
recirculating 


of wear and cleaning procedures for 


systems, considerations 


nuclear-reactor components. Experi- 
mental data are given on all these 
problems as they apply to pressurized- 
water reactors. Stress corrosion is 
particularly well this 
problem is likely to plague reactor 
builders for some time to come. The 
necessarily high water purity of the 
primary circuit keeps stress corrosion 
out of the core, but the presence of 
impurities in the secondary circuit 
raises stress-corrosion problems in the 
heat exchangers. The 
data presented are new and apparently 
obtained by the two AEC-owned 
laboratories operated by Westinghouse 
and GE. 


summarized; 


experimental 


Isotopic Tracers in Biology, 3rd 
ed. 

By MARTIN D. KAMEN (Academic Press, New 
York, 1957, xii + 474 pages, $9.50). 

Reviewed by Epwarp L. Bennett, 
University of California Radiation Labora- 
tory, Berkeley, Calif. 

“Tsotopic Tracers in Biology” is 
written as an introduction to tracer 
methodology as applied to biological 
research. The book is intended to 
familiarize the biochemist, physiologist 
and medical biologist, who may have 


had little training in nuclear physics 
and chemistry, with radioactive-tracer 
methods in their application to bio- 
chemical problems. 

When the first edition was published 
in 1947, tracers were just beginning to 
find application as a powerful research 
tool in the biochemical and biological 
sciences. The first edition was a pri- 
mary reference book for those initiating 
While 
the third edition follows the general 


research with tracer elements. 


format of the two earlier editions, large 
portions have been extensively revised 
and enlarged and brought up to date. 
The first two chapters are a general 
review of nuclear physics and chemis- 
try, while the third chapter discusses 
the principles, techniques and some of 
the problems involved in isotope assay. 
A short chapter on radiation hazards 
follows. 
related 
units and standards and the working 


It is supplemented by two 
appendices on radioactivity 
rules of one radiochemistry laboratory. 
Together, these three chapters serve as 
an excellent primer to the health and 
contamination problems introduced 
by the use of radioisotopes. 

The next short chapter, with the 
unusual and perhaps disarming title 
Practical Interlude, discusses some of 
the types of practical and often un- 
anticipated problems that may arise 
in determining isotopic concentration. 
Often these problems are not evident 
in the scientific paper, which usu- 
ally emphasizes the results obtained. 
Other theoretical and practical con- 
siderations involved in researches with 
tracers are discussed in the first half 
of chapter 6. The remainder of this 
chapter and chapter 7 present informa- 
tive and stimulating illustrations of the 
application of tracer methodology to 
problems of intermediary metabolism, 
The critical evaluation at the end of 
chapter 7 of the problem of adequate 
purification of fractions isolated from 
biological material when highly radio- 
active tracers are used is a timely and 
excellent reminder to contem- 
plating work with tracers (and also to 
those who are working with tracers) 


those 


of the stringent purification problem 
imposed, 

The survey chapter on physiological 
and medical aspects of tracer methodol- 
ogy has been only slightly revised from 
the second edition and was the least 
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interesting and stimulating chapter in 
the book for this reviewer. The re- 
maining chapters are a survey of the 
isotopes and radioactive nuclides of 
importance to biology, with emphasis 
on the methods of preparation, proper- 
ties, assay methods and the radiation 
hazards involved with their use. 

A few errors were noted. Alpha 
(not beta) particles are streams of 
doubly positively charged helium nu- 
clei (p. 49). On p. 139 it is correctly 
stated that Cl* in tertiary butyl chlo- 
ride reacts faster than Cl*’ with silver 
nitrate in 98% alcohol. However, the 
reaction constant for Cl** is 0.7-0.8% 
greater than that of Cl*’, not 0.7-0.8% 
as great. The ratio of kss/ksz is 1.007. 
The maximum specific activity obtain- 
able with K* is 20 we/gm K*, not 
1 c/gm K* (p. 364). It should also be 
noted that barium carbonate, which 
contains 25-40% C", is now available 
p. 140). 

“Tsotopic Tracers in Biology” is 
highly recommended study and read- 
ing, not only for the neophyte to 
biological research utilizing tracer 
methods, but also for those who have 
had considerable experience with tracer 
methodology. Although not intended 
to be a compendium for the expert, it 
does contain much factual and useful 
data as well as numerous references. 
The historical background and descrip- 
tion of experiments with which the 
author is personally familiar con- 
tribute substantially to the readability 
and interest of the book. The quality 
of printing and binding and the format 
are up to the usual Academic Press 
standard, 

In the chapter on intergranular cor- 
rosion, it was gratifying to note that 
AISI type 304 stainless steel can be 
substituted for AISI type 347 stainless 
steel in 600° F high-purity water with 
neutral pH to a pH of 11 without a 
solution heat treatment to dissolve 
grain-boundary carbides. Data such 
as this should correct some of our 
necessary over-conservatism in design 
and help economize on materials. 

Of importance is the description of 
fouling of fuel-element heat-transfer 
surfaces and valve seats. Data pre- 
sented on wear in high-purity water 
environment are also valuable and 
heretofore difficult to find. Sugges- 
tions are given on cleaning and main- 
before and 


tenance of cleanliness 


during reactor-assembly operations. 
Although the number of pages devoted 


to this are few, the importance of these 


procedures cannot be overemphasized. 
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This book should become a standard 
for PWR builders. It is unfortunate 
that its coverage could not be as broad 
as its title implies. Water-cooled 
reactors, such as boiling-water reactors, 
process reactors and test reactors, are 
not considered. Excellent corrosion 
work on aluminum alloys by Argonne 
National Laboratory, Chalk River and 
Hanford, for instance, has been omitted. 
The need for a handbook to cover other 
types of water-cooled reactors is still 
unsatisfied. 


Progress in Nuclear Energy, 
Series 8, Vol. 1—The Economics 
of Nuclear Power 

Edited by J. GUERON, J. A. LANE, I. R. MAX- 


WELL and J. R. MENKE (Pergamon Press, Ltd., 
New York, 1957, xii + 513 pages, $17.00). 


Reviewed by Rates Ba.ent, Atomics 
Internationa!, Canoga Park, Calif. 

This volume is similar in structure 
to the other works in the “Progress in 
Nuclear Energy” series. ‘ihe majority 
of the content of this volume comes 
from the information released at the 
International Conference for the Peace- 
ful Uses of Atomic Energy held at 
Geneva in August, 1955. In most part, 
the chapters are direct reprints of the 
papers given at the Geneva Conference 
or slightly edited versions of such 
papers. As might be expected in a 
field that is expanding and growing as 
fast as is nuclear power, some of the 
information, even though only two 
years old, is already out of date. 

The volume covers a broader base 
than the title implies, as indicated by 
the five major sections of the volume: 
“Needs and Resources,” ‘Nuclear 
Power Economics,’ “Nuclear Fuel 
Cycles,” “Reactor Programs and Reac- 
tor Economic Data,” and “Adminis- 
tration and Law.”’ Each of these sec- 
tions is introduced with a brief resume. 

The first section is mostly a collection 
of summary articles prepared by indi- 
vidual countries on their heat and elec- 
trical resources and needs for the next 
50 years. These articles were written 
at the request of the International 
Commission that prepared the agenda 
for the Geneva Meeting and were to be 
used to form a working basis for world 
energy planning purposes. Since the 
countries responded differently to this 
request, the purpose was not completely 
fulfilled. The articles printed in this 
section do indicate the great difficulty 
of long-range predictions and _ the 
variety of problems associated with 
evaluating the data that go to make up 
such predictions. 


The second section covers only 60 
pages out of the total 510. The lead 
chapter in this section, which is en- 
titled An Evaluation of Geneva and Post- 
Geneva Nuclear Power Economic Data, 
by James A. Lane, collects most of the 
costs for the various power reactor 
plants as given at the Geneva Confer- 
ence. This chapter has since been 
outdated by Mr. Lane himself with his 
paper given at the Atomic Industrial 
Forum in New York City the end of 
October, 1957, wherein he compares 
present data to the costs given at 
Geneva. 

The third section, on “Nuclear Fuel 
Cycles,” presents survey articles by 
W. B. Lewis, J. V. Dunworth and A. M. 
Weinberg, which are valuable sources 
of reference material on problems asso- 
ciated with various fuel cycles and 
possible reactor types utilizing the dif- 
ferent fuel cycles. The last chapter, 
by Spinrad, Carter, and Eggler, con- 
tains much valuable reference material 
on reactivity changes and reactivity 
lifetimes of fixed-fuel elements in 
thermal reactors. 

The fourth section presents a paper 
by Sir Christopher Hinton on the 
Calder-Hall reactor and a summary 
paper by Staebler on the U. 8. Civilian 
Power Reactor Program. The last 
chapter in this section, Reactor Eco- 
nomic Data by James Lane, could have 
been combined with the lead article 
of section three and saved some con- 
fusion. The collection of papers in the 
final section gives the lay reader an 
indication of the problems associated 
with administrative and legal aspects 
of nuclear power. 

In summary, the volume is valuable 
as a reference document but is some- 
what expensive for the average worker 
in the field. 


BOOKS RECEIVED 


Annual Review of Nuclear Science, 
Vol. 7, 1957, edited by J. G. Beckerley 
(Annual Reviews, Inc., Palo Alio, 
1957, viii + 496 pages, $7.00). (To 
be reviewed.) 


Progress in Nuclear Physics, Vol. 6, 
edited by O. R. Frisch (Pergamon 
Press, New York, 1957, vii + 297 
pages, $14.00). (To be reviewed.) 


Dangerous Properties of Industrial 
Materials, by N. Irving Sax (Reinhold 
Publishing Corp., New York, 1957, 
vii + 1467 pages, $22.50). This hand- 
book is a thorough-going, greatly re- 
vised expansion of Sax’s earlier “‘ Hand- 
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Hollow Bored 
and Honed 
COMPONENTS 


for ATOMIC POWER APPLICATIONS 


AHB works in high temperature—high pressure alloys and stainless 
materials to specified accuracy—tested and certified to meet rigid 
Nuclear Power specifications. AHB bores and hones up to 16” LD. 
and lengths in excess of 30 feet. 

Send your bored and honed part specifications to AHB, for that 
is our exclusive business—-day in, day out. 

A telephone call to Erie 2-3664 will answer immediate questions. 


A recognized and approved source 
in the growing Nuclear Industry 


AMERICAN HOLLOW BORING CO. 


1948 Raspberry St., Erie 4, Pa. 
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book of Dangerous Materials.”” The 
bulk of the book (over 1,000 pages) is 
devoted to the properties of over 8,500 
materials, including handling, con- 
stants, toxicity and combustion and 
radiation hazards. In addition, dis- 
cussions by various experts are pro- 
vided on specific aspects of handling 
and personnel protection. Of particu- 
lar interest in the nuclear field are 
“Radiation Hazards” by John H. 
Harley (56 pages) and “ Reactor Safe- 
guards” by Joseph J. Fitzgerald (36 
pages). Harley’s section covers instru- 
mentation rather qualitatively but 
includes a number of graphs and tables 
of shielding data plus a tutorial dis- 
cussion of the industrial and laboratory 
radiation problems. Fitzgerald’s sec- 
tion briefly ‘describes the nuclear 
reactor field and reproduces ‘‘ AEC 
Regulations on Reactor Safety De- 
termination’; the major part of the 
section is devoted to hazard evaluation 
rather than to safeguards. Bibliogra- 
phies are provided for all the sections. 


1956 Vacuum Symposium Transactions, 
Committee on Vacuum Techniques 
Pergamon Press, New York, 1957, 
xl + 234 pages, $12.50). These pro- 
ceedings contain the papers of the 
third annual meeting (Oct. ’56) of the 
Committee on Vacuum Techniques. 
The subjects covered include develop- 
ments in vacuum technology, instru- 
mentation and applications. 


Spectrum of Atomic Hydrogen, by) 
G. W. Series (Oxford University Press, 
New York, 1958, viii + 88 pages, 
$2.00). The emphasis of this mono- 
graph is on recent work on the struc- 
ture of the hydrogen atom, i.e., 
involving the ‘‘Lamb shifts” and hy- 
perfine structure. Background ma- 
terial is given on older theories. 


Electronic Designers’ Handbook, by 
R. W. Landee, D. C. Davis and A. P. 
Albrecht (McGraw-Hill Book Co., Inc. 
New York, 1957, 1152 p., $16.50). 
Intended to serve as both a text for 
electrical engineering students and as 
a practical design guide for practicing 
engineers, this volume differs from con- 
ventional handbooks in that it offers de- 
sign examples that illustrate the appli- 
cation of the material to specific design 
problems. Sections of special interest 
include fundamentals of statistical and 
probability theory, graphical methods 
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1 the determination of inverse Laplace | 
transforms and design of low-power | 


iron-core transformers and chokes. 


An Introduction to Transistor Circuits, 
i. H. Cooke-Yarborough (Inter- 
Publishers Inc., New York 


1957, 154 pages, $2.75). This book is | 


mentary introduction to transis- 
ory and applications with em- 
sis on nonlinear properties of 


ransistors 


Mathematics and Wave Mechanics, 
R. H. Atkin (John Wiley & Sons, 
York, 1957, xv + 348 pages, 

$6.00). This text for postgraduate 
idents provides a concise mathemati- 
sis for the study of wave mechan- 

ts first five chapters. It is 

for physics and physical chem- 


students. 


The Spectroscopy of Flames, by A. G. 

John Wiley & Sons, New 

1957, ix + 279 pages, $9.00). 

ook is intended to replace the 

r’s earlier “Spectroscopy and 

Combustion Theory.” Emphasis is 
» recent developments. 


Principles of Electrical Measurements, 
H. Buckingham and E. M. Price 
yphical Library, New York, 
«xiii + 600 pages, $15.00). In- 
nts are discussed under the 
ngs: deflectional, potentiome- 
bridge methods; oscillations 
brations; thermionic tubes; reso- 
ind heterodyne methods; power 
integrating meters: instrument 
rmers; and magnetic measure- 


ALSO OF NOTE 


Recent Developments in Uranium Mill- 
ing Technology. This is the transcript 
Mill Technology Symposium and 

ses from the annual meeting of 

um Institute of America in 

May 17-18, 1957. 105 p. 

Institute of America, Uranium 

Building, Grand Junction, Colo- 


(i) 


Principles of Microradiography. The | 


les, techniques and applications 


microradiography are dis- | 
Bibliography gives 500 refer- | 


Instruments Div., Philips Elec- 
Inc., 750 S. Fulton Ave., Mount 

fe 6 
Library consulting service. A nation- 
onsulting service is available to 
nterested in developing libraries 
ormation centers. Special Li- 
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progress, Vitro engineers and scientists play key 
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In weapon systems, nuclear energy, extrac- 
tive metallurgy and other technologies of the 
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packless 
valves 


Hoke packless valves are 
designed for tough applications, 
like critical high vacuums, 
corrosive or dangerous fluids 


and high temperatures. Our experience 

with these problems has resulted in a line 

of packless valves broad enough to suit most 

every need. The valves shown here are typical Hoke 
designs. These and others are explained in detail in 
Bulletin PV656. Write for it. It's yours for the asking! 


HOKE 
INCORPORATED 


Fluid Control Specialists 
235 S. DEAN STREET, ENGLEWOOD, N. J. 








MODELS 


500 TO 2000 VOLT 


RANGE 


HIGH STABILITY DC POWER SUPPLY 


(model 404M pictured) 


JOHN FLUKE MANUFACTURING COMPANY 
1111 West Nickerson 
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403M | 


402M | 400CEM | 404M 








OUTPUT 
VOLTAGE 


500 to 1600 
volts 


500 to 1600 


volts 


500 to 1600 


volts 
| 





OUTPUT 
CURRENT 


OUTPUT 
POLARITY 


REGULATION 
VS. LINE 


REGULATION 
VS. LOAD 


STABILITY 


CALIBRATION | 2% 
ACCURACY 


RIPPLE 


RESOLUTION 


0 to 1 ma 
| 


0 to 1 ma 0 to 1 ma 


| pos. or neg 
| 


pos. or neg 


pos. or neg. 


.03 % max. from 
100 to 130 volts 


03% no load 
to full load 


03 % max. from | .01 % max. from 


100 to 130 volts | 100 to 130 volts 


| .01% max. for 
> 


2 ma change 


| 
| 

| 

03% no load 
| to full load 
—| bata | 
| 


02% per hour | .01% per hour | .005% per hour 


100 mv at any | 100 mv at any 100 mv at any 
output voltage | output voltage | output voltage 


lie 


yay A 


| Less than 5 mv 


{S 


5 mv max 
2) 





SIZE AND 
WEIGHT 


PRICE 





| $200.00 


19°W x 7”"Hx 


| 13’ D—22 Ibs 


19’°W x 7"Hx 
13” D—22 Ibs. 7”H x 13”D 


$265.00 $395.00 





| 
Better than 1% 


| 500 to 2000 


|v olts DC 


Secttie, Washington 


| 
| 405 
600 to 3100 
volts DC | 
| 





pos. or neg. 


01 % max. from 
100 to 130 volts 


.01% max. for 
2 ma change 


0 to 15 ma DC lo 


pos. or neg. 
| 


—_——_] 
01% max. for 
20 % line change 


005 % for 
10 ma change 


| 400BDA 


500 to 5100 
volts DC 


Otol ma 


pos. or neg 


01% max. from 


100 to 130 volta) Dear SIR: 


01% max. no 


load to full load 





.005 % per hour 


005 % per hour 





100 mv at any 
output voltage 


Better than 1% 


10 mv at any 
output voltage 





pas 7 
Better than .5 % 
| 


.005% per hour 


100 mv at any 
output voltage 


1% 





Less than 5 mv 
RMS 


] 
19”W Rack x | 19”W Rack x 


2 Las D— 
7 Ibs. 


$435.00 


| $595.00 


Less than 5 mv 
RMS 





19°Wx 103” ‘H | | 
x 14” D—46 lbs. 
| 


5 mv max 


19” W x 104”H 
: 14’°D—42 
Ibs 


$595.00 
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| Government Printing Office, 


| Loops” 


calibration 


‘BOOKS 


Department starts on page 124 


braries Association, 31 E. 10th St., New 


York 3, N. Y. 


Basic Research—A National Resource. 
This report by the National Science 
Foundation provides a statistical and 
descriptive analysis of the U. S. basic 
research effort and suggests positive 
steps that can be taken to stimulate 
64 p. 
Superintendent of Documents, U. S. 
Washington 


the progress of basic research. 


25, D. C., 45¢. 


LETTERS 





Illustration Credits 


DEAR SIR: 

hurriedly sent 
that appeared 
in your September 1957 We 
would appreciate it if you would print 
a correction giving the source of the 


At your request we 
NUCLEONICS two figures 
issue. 


figures. 

The figure on p. 91 taken from 
report ORNL-2027 (confidential) by 
J. W. Ullmann. The figure on p. 140 
should properly be referenced to “‘ Eco- 
by H. R. 
Ull- 
58 


nomics of Waste Disposal’’ 
Zeitlin, E. D. Arnold and J. W. 
mann (NucLEONIcS 16, No. 1, p. 
1957). 

We certainly enjoyed the issue and 
congratulate you on assembling such a 
collection of excellent articles. 


F. L. Cuuier, Director 
Chemical Technology Division 
Oak Ridge Natioanl Laboratory 
Oak Ridge, Tennessee 


, 


Calibration Aberration 


“D-C 


There is an error in our article, 


| Magnetic Flowmeter for Liquid Sodium 


Inn 


(NU, Oct. ’57, p. As we 
indicated on the proofs, the sentence 


122). 


| ‘It had also been certified by water 


at Cornell University” 
refers to the flowmeter, it 
should refer to the orifices with which 
the flowmeter was, in turn, calibrated. 
—C. G. PFISTER 

Knolls Atomic Power Laboratory 
and R. J. DUNHAM 

General Engineering Laboratory 
General Electric Co. 
Schenectady, New York 
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Xenon Oscillations (continued) 
This article starts on page 82 | 


age flux, ¢, while it is actually defined | 
by Eqs. 8. For a sine flux, ¢:/¢ is | 
1645 or 1.0667; for a flat flux the two 

are equal. 


®Z, was taken as the equilibrium 
value of x at ¢; to plot a single curve in 
Fig. 1, while its true value is as defined 
by I qs. 8. 

The combined effect of this and the 
first approximation is shown in Fig. 5 
which gives a comparison, for piles with 
a sine flux, between f(@) as given in 
Fig. 1, and the true value, f(¢:). There 
is no difference between f(@) and f(d:) 
for a flat pile. 


¢ Only the first terms in the expan- 

ons for ¢”’ and x” in Eqs. 7 were used, 
and consequently the cross terms in | 
Eqs. 8 were neglected. 

The effect of all these approxima- 
tions is zero for a flat flux. For piles 
with a sinusoidal flux distribution the 
effect was investigated by solving Eqs. 
8 exactly, including two terms in the 

xpansions of Eqs. 7. Since the sine 

flux shape is symmetrical about the | 
center of the reactor, there is no cou- | 
pling between even and odd terms in | 
the series of Eqs. 8. For this reason, | 
the two terms were just (2/H)” 
sin rz/H and (2/H)”* sin 3m2/H. The 
resulting fourth-degree polynomial in 
» was solved for several values of the 
flux; the threshold, at which the real 
part of w is zero, was obtained by | 
interpolation. 

The flux thresholds were found to be 
1.52 X 10'* n/cm? sec for H?/M? equal 
to 2,500, and 5.0 < 10" n/cm? sec for 
H*/M? equal to 1,250. These may be 
compared with 1.60 X 10!* n/cm? sec 
and 5.3 X 10'* n/em? sec shown in Fig. 
3. The periods were found to be 29.4 
and 22.1 hr, respectively, which may be 
compared with 29.9 and 22.0 hr shown 
in Fig. 4. Thus the approximations 
introduce little error, and a single term 
in Eqs. 7 and 8 is adequate. 


* * * 


The information contained in this report 
vas developed during the course of work under 
contract AT(07-2)-1 with the AEC, whose 

mission to publish is gratefully 
ickno ledge d. 
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1948 — ORGANIZATION OF BETTIS ATOMIC POWER DIVISION 
1953 — DEVELOPED: FIRST NUCLEAR PROPULSION UNIT 
1955 — BUILT: REACTOR FOR FIRST NUCLEAR SUBMARINE 


1957 — COMPLETED: FIRST FULL SCALE COMMERCIAL 
NUCLEAR POWER PLANT 


TODAY—“AS WE LOOK TO THE FUTURE OF NUCLEAR POWER IT IS 
EVIDENT THAT WE ARE STILL FAR FROM OUR ULTIMATE 
GOAL OF TOTAL DEVELOPMENT... AND WITH EACH 
NEW DISCOVERY OUR AREA OF 
INVESTIGATION BROADENS, 
THE JOB TO BE DONE 
GROWS LARGER.” 


“The past ten years have shown a f 

tremendous advance in nuclear technology, 

yet every step forward reveals a still broader view of the future 

and one realizes that the next ten years will show an even greater acceleration 
in the development of this new power source. In short, to date we have 


done little more than make a good beginning. 


The young men who enter this field today will have the responsibility of 
creating a solid structure of knowledge and accomplishment from this beginning. 
Yet, even they, ten years from now, will look ahead and know they are 


still far from fully realizing the ultimate potential of nuclear energy.” 


You can participate in the continuing development of this expanding field of 
activity. A field whose only limits are the creativity of man’s mind 

and the extent of his desire to learn. If you are a U.S. Citizen with an advanced 
degree in Physics, Mathematics, Metallurgy, or Engineering, and wouid 

like to apply your knowledge to the field of nuclear power, send your resume to: 
Mr. M. J. Downey, Dept. #A-30, Bettis Atomic Power Division, 

Westinghouse Electric Corp., P.O. Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER Sn 
Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
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Facilities for Decontamination of Reactor Components 


Facilities for radioactive decontamina- 
tion of reactor components have been 
set up and are presently in operation at 
Fairchild. 
contaminated in the facility include 
valves, pumps, small heat exchangers 
and tubing, turbine blading and con- 
trol-rod drive mechanisms. 


Apparatus that can be de- 


For exam- 


ple, a control-rod drive is shown above 
getting a bath in the specially mixed 
chemical solution that will cleanse it 
of radioactivity. Equipment is also 
available for refurbishing the decon- 
taminated Fairchild 
Camera and Instrument Corp., Rob- 
bins Lane, Syosset, N. Y. 


components. 








Strain Gage Indicator 


Indicator (above) accepts inputs from 
resistance-type transducers via a null 
balance servo and converts these analog 
signals to digital readout in true units 
of measurement. 
adjustment of controls to accommodate 
full- or half-bridge transducers with 1, 
2 or 4 active legs, and to select the 
proper polarity. A choice of visual or 
automatic digital readout is available 
to indicate and record the measured 


The panel permits 


values on printers, electric typewriters, 
paper tape perforators and IBM punch 
card devices.—Datran Electronics Div., 
Mid-Continent Mfg., Inc., 3615 Avia- 
tion Blvd., Manhattan Beach, Calif. 


Alumina Ceramics 
Alumina Ceramics, produced in a 


130 


variety of sizes and geometries either 
in prototype or production quantities 
offer neutron cross section of <1 barn, 
no structural change after exposure to 
2 X 107° 
sistance, thermal stability and electri- 


n/em?, good chemical re- 
cal insulation, and can be metallized 
and brazed to stainless steels or other 
hermetic seal. 
Co.. 


metals to form a 
Frenchtown 


town, N. J. 


Porcelain French- 


Ferro Columbium 


teactor-grade ferro columbium has a 
columbium-to-tantalum ratio of about 
10 to 1. The 0.8% tantalum content 
of this that 
columbium-containing cast (ACI typs 
CF-8C) and wrought (AISI type 347) 
stainless reactor parts are well within 
the AEC specification of 0.10% maxi- 
mum tantalum content. 
of other elements are: columbium,65 %; 
silicon, 0.10%; and carbon, 0.02%. 
Shieldalloy Corp., Newfield, N. J. 


material will assure 


Percentages 


Scintillation Detector 


Model P-20C, recent modification of 
a standard scintillation detector, in- 
corporates a by-pass switch on its back 


plate to permit photomultiplier output 
pulses to by-pass the built-in stable 
pulse amplifier so as to feed directly a 
linear amplifier for spectrometry work. 
Nine different crystal and adapter 
combinations can be attached to the 
base unit.—Tracerlab, Inc., 1601 Trap- 
elo Rd., Waltham 54, Mass. 


Reducing Flanges 


Tapered Fluoroflex-T reducing flanges 

with a virgin Teflon 
The full face of the flange, 
with its asbestos backing, is an integral 


are lined com- 


pound, 


part of the liner, thus providing high- 


corrosion protection and chemical 
The flow passage is tapered 
to minimize and the re- 
ducers withstand 150 psi full 
vacuum at —100°-500° F. The flanges 
are available in | ASA pipe 


Resistoflex Roseland, 


inertness, 
turbulence 
and 


5-in. 
sizes, Corp., 


N. J. 


Air Monitor 


Model AM-33 (above) makes possible 
the simultaneous measurement of both 
alpha and beta-gamma activity of air- 
borne particulates with a single instru- 
It combines in one integrated 
unit a detector, amplifier, discrimi- 
nator, anticoincident circuit, counting 
ratemeter, high- and low-voltage power 


ment. 


supply, alarm system and continuous 
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NEW ZALLEA HyPTor TOROIDAL EXPANSION JOINT 





HyPTor corrugations have a circular 
or toroidal cross section which pro- 
vides a lower operating stress at any 
given pressure than any other 


corrugation shape. 








For unequalled endurance at pressure and temperature extremes 


This unique toroidal expansion joint with 
thin-walled bellows is setting new per- 
formance and durability records in high 
pressure, high temperature service. It was 
developed to meet the severest operating 
conditions without sacrificing long life. 


Minimum stress at high pressures is one 
advantage of the Zallea HyPTor. This is 
due to the thin-walled bellows and toroidal 
corrugations. Thin walls develop lowest flex- 
ing stress. The toroidal cross section assures 
lower operating stress at any pressure. 


Superior performance at high temperatures. 
The toroidal corrugation of the HyPTor 
makes it suitable for use at high tempera- 
tures. Also, the HyPTor is hydraulically 
formed and free from circumferential 
welds which would act as stress raisers. 


Longer life on the job. The ability of the 
HyPTor to absorb punishment without 
ill effects has been proved in service. A 
number of HyPTor Expansion Joints de- 
signed for 700 psi working pressure, were 
installed in liquid oxygen service in 1948. 
They are stiil operating ...at pressures 
up to 2300 psi. 


Get the complete story of the new Zallea 
HyPTor Expansion Joints. Our new 72- 
page Expansion Joint Manual gives full 
details—plus worthwhile information on 
basic types, design and installation data, 
expansion joint selection and recom- 
mended specifications. Write on your 
Company letterhead, for your free copy 
of Catalog 56, Zallea Brothers, 890 Locust 
Street, Wilmington 99, Delaware. 


*Patented 


expansion joints 
Zallea Brothers, Wilmington 99, Delaware 


World's largest facturer of expansion joints. 








How to design 
extra dependability 
into ultra-sensitive 
photoelectronic devices 


Use RCA Multiplier Phototubes. They are capable of operat- 
ing with extremely low noise output and with low dark cur- 
rent. They are electrically stable and mechanically sturdy. 
And note this fact: RCA Multiplier Phototubes include types 
having the fastest time-resolution of any commercial types 
now available. 

Whether you are working in fields of nuclear-radiation in- 
strumentation, astrophysics, or low-level light detection, look 
to RCA for the multiplier phototube to fit your application. 
Your RCA Industrial Tube Distributor handles the entire line. 


RADIO CORPORATION OF AMERICA 


® Electron Tube Division Harrison, N.J. 


For data on specific RCA Multiplier Phototubes, write RCA Com- 
mercial Engineering, Section C-31-U, Harrison, New Jersey. 


PRODUCTS & MATERIALS 
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recording unit. The basic detector is 
a gas-flow proportional counter with a 
thin Mylar window. Operation is 
automatic and continuous without 
attendance for periods up to one 
month.—Nuclear Measurements Corp., 
2460 N. Arlington Ave., Indianapolis 
8, Ind. 


Deep Hole Driller 


Deep hole driller (above), on its initial 
effort, repeatedly thrust a 134 ¢-in. drill 
through 18 in. of 347 stainless steel to 
remove 6-in. squares with speed and 
accuracy. With this method, costly 
material was salvaged, and, even more 
important, there resulted a consider- 
able savings of time and elimination of 
work on :the next operation. The 
manufacturer maintains a dual opera- 
tion selling both machine tools and 
services.—Canton Tool Mfg. Co., East 
Canton, Ohio. 


Fee 


oo 
= 


Log N Micromicroammeter 


Model 413 (above) reads from 10~-" to 
10-> amp without range switching. 
Both input and output are at ground. 
Polarizing potential (+216 v) is fur- 
nished at back of chassis. Other 
features include: zero drift less than 
0.05 decade in 24 hr after 1-hr warmup, 
accuracy within 0.02 decade, output of 
0 at 10-"' amp rising to —50 mv at 
10-* amp and output noise less than 
1% of full-scale reading.—Keithley 
Instruments, Inc., 12415 Euclid Ave., 
Cleveland 6, Ohio. 
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5/6 Flare fitting 


— "% Hex. 


ce 


DLRARS \ 
i) 
Se od 


_—Coil 
* 





-2 Holes 
a for No. 8 
_ Ne Hex. 
5/6 Thread 


Solenoid Valve 


Solenoid valve (above) for use on air, 
water or oil differs from conventional 
models in that the flow is straight 
through the solenoid armature housing. 
The miniature valve, measuring about 
2 in. over-all, is resistant to moisture 
suitable for use with corrosive 
Several models are avail- 
and stainless-steel 
all models are 
A vari- 
of end fittings also are available 
to meet specific needs.—Fulton Sylphon 
Div., Robertshaw-Fulton Controls Co., 
P. O. Box 400, Knoxville 1, Tenn. 


and 
materials. 
monel 


able with 


parts. Solenoids in 
encapsulated in epoxy resing. 


ety 


Leak Detection System 


The Radiflo (above) is a supersensi- 
tive, nondestructive, leak-detection sys- 
tem for quality control and testing of 
hermetically sealed containers. 
the nontoxic, radioactive gas Radene 
III at a pressure greater than the 
internal pressure of the sealed units or 
test 


Using 


leakages as small as 
10~'* standard cm of air per second can 
be accurately determined. Normally 
prepared and shipped in high concen- 
tration to reduce the weight of required 
shielding, Radene III can be diluted 


with any desirable gas—dry air, nitro- 
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samples, 


gen, etc.—and the dilution factor 
adjusted for varying sensitivity 
test requirements.—Reed-Curtis Nu- 
clear Div., American Electronics, Inc., 
Culver City, Calif. 








Laboratory Rolling Mill 


Designed to take the heavy pass re- | 
ductions and to maintain the close | 
thickness tolerances required in the} 
processing of such materials as high- 
temperature alloys, stainless steels and 
refractory metals, the heavy-duty, | 
high-precision, combination rolling mill | 
(above) has high separating force and | 
torque transmission capacities. It is 
currently available with 6—-15-in. back- 
up-roll diameters, 34-5-in. work roll 
diameters and face widths up to 24 in. 
Depending on size and application, the 
mill is furnished with needle-roller or 
oil-film sleeve bearings on the journals, 
with manual or twin-motor screw- 
down and with either constant-speed 
a-c or variable-speed d-c drives —Loma 
Machine Mfg. Co., Inc., 114 E. 32nd 
St., New York 16, N. Y. 


Computer Building Blocks 


Transistorized logical building-block 
packages (above) make it possible to 
jump from symbolic logic or Boolean 
algebra to finished equipment without 
an intermediate electronic-development 
stage. Ordinarily room-size computers 
can be designed to desk dimensions 
with the building blocks. No air 





NEW MODEL 


Removoble battery pack. 
Easily replaceable alpha 
screen. 

Large easy-to-read 
meter face. 

Hard-chrome plated 
aluminum case. 


Juno is a portable, battery-operated 

instrument which measures the 

intensity of, and distinguishes 

between alpha, beta, and gamma 
radiation. Available in two 
models, with 3 ranges each: 
SRJ-6 (standard range) 50, 
500, and 5000 MR/HR; HRJ-6 
(high range) 250, 2500, and 
25,000 MR/HR. 


Alpha 
Screen 


Alpha 
Rejection 
Absorber 


Beta Rejection 
Absorber 


Removable 
Battery Pack 


TECHNICAL 
ASSOCIATES 


write for 
Bulletin No. 159 


Instrumentation for Nuclear Research 
140 WEST PROVIDENCIA AVENUE + BURBANK, CALIF. 


133 





ey 


ened 
a 
= 
— 
a 
= 
= 
—_ 
— 
= 
— — 
= 
= 
= 
= 
=> 
= 
>_> 
= 
= 
= 
= 
= 
__ 
— 
— 
—=_ 
— 
—-> 
— 
= 
—— 
= 
= 
= 
—a 
= 
——2 
= 
a —— 
— 
— 
— 
— 
= 
—_ 
= 
= 
= 
= 
—— 
—— 
— 
— 
— 
— 
= 
—= 
—— 
em 
— 
— 
— 


alumina 
ceramics 


nuclear applications 


\Y 
yw 


Now you can apply the 
unique properties of alu- 
mina ceramics to special 
scientific projects: 


@ Low neutron cross section—less 
than 1 Barn. 

@ No structural change after expo- 
sure to 2 x 107° neutrons/Cm?. 

e@ Combines chemical resistance 
thermal stability and electrical 
insulation. 

e Can be metallized and brazed to 
stainless steels or other metals to 
form a hermetic seal. 


Frenchtown alumina cer- 
amics are produced in a 
variety of sizes and 
geometries, either in pro- 
totype or production 
quantities. Dense shapes 
of over 200 cubic inches 
have been manufactured. 

To engineers and scien- 
tists who wish to learn 
more about the capabili- 
ties and limitations of 
alumina ceramics, French- 
town welcomes the op- 
portunity to assist in the 
selection and proper utili- 
zation of these amazing 
materials. This assistance 
is directed toward obtain- 
ing optimum performance, 
simplifying complexity, 
reducing cost and expedit- 
ing delivery. 

Technical literature 
will be sent upon request. 


lrenchtown 


LAIN COMPANY 


FRENCHTOWN, NEW JERSEY 


"Ny wit 
Mayes 


MT 
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conditioning is needed, and each logical 


element occupies only 2!4 cubic inches. 


| The eight basic building blocks are the 
| bistable 


trigger element, monostable 


element, gated amplifier element, com- 
element, ‘‘or”’ 

gate 
and emitter- 


plementer amplifier 
gate package, 
“and-or” 


‘and” package, 
gate package, 
follower package. When operating at 


temperatures above 25° C, some de- 


load current and switching 
Research 
Div., 
Union 


rating of 
and 
Avco 


St., 


speed is 
Advanced Development 
Mfg. Corp., 20 South 
Lawrence, Mass. 


necessary. 


Recorder 


Model 260 (above) is an instrumenta- 
tion recorder that presents instantane- 
on 
electrosensitive 1% 
accuracy with a transient response of 
up to 3,000 eps. Recorder accuracy is 
unaffected by line voltage variations 
and paper stretch because calibration 
recorded 
Coordinate 


ously up to eight 11-in. scale traces 
paper to within 


simultaneously 
mark- 


marks are 
with input signals. 
ers are generated internally and pro- 
vide 5% amplitude lines and time 
markers at 1, 0.1, or 0.0167 sec intervals. 

Consolidated Avionics Corp., West- 
a 


buy, 


Cast Stainless Fittings 


Complete line of cast stainless-steel 
fittings designed for service to 2,500 
psi at 670° F are available in both the 
300 and 400 alloy series stainless steel 


30 In. 


Hillside, N 


in sizes 8 Cooper Alloy Corp., 


Log N and Period Amplifier 
Model 


rithmic 


(above) combines a loga- 


420 


micromicroammeter and a re- 
It measures cur- 
1071 


reactor period of 


actor period meter. 
107-!* to 
negative 
After warmup, drift of the 
log circuit is within 0.05 decade in 24 hr. 
The 


time 


rent from amps and 


positive or 


3-30 sec. 


period meter has 5-see recovery 
adjustable 
10-1 


full-scale 


from overload and 


response time over a range. 


Other 
outputs to drive remote meters, 


features are: large 
50-mv 
outputs for recorders, a regulated 225-v 
polarizing potential for ion chambers 
and simplified operating and calibra- 
Keithley 


Ave., 


Instruments, 
Cleveland 6, 


controls. 
12415 Euclid 


tion 
Inc., 


Ohio. 


Powdered-Titanium Parts 


Compacted and sintered titanium- 
powder parts that cover a wide range of 
offered with the 
following physical characteristics: ap- 
density, 4.20 (4.54 
gm/cm* theoretical); ultimate tensile, 
65,000 psi; elongation, 10%; yield point 
compression (0.2% offset), 55,000 
psi; Rockwell hardness, A-50.—Key- 
stone Carbon Company, St. Marys,'Pa. 


and sizes are 


types 


parent gm/cm* 


in 


Packaged Welding System 


Model 6-10 (above) is a completely- 
integrated controlled-atmosphere weld- 
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g system designed for metallurgical 
earch. It occupies a floor area of 
8 ft and stands 6 ft high. The 
ng chamber is 3 ft in diameter and 
ong. Six glove, two light, and 
All 
ntrols are on the accompanying 
The new 
x 10-3? mm of Hg in 
in with a guaranteed maximum 
L&B Welding 


2424 Sixth 


ewing ports are provided. 


ng console. device 


s down to 5 


rate of 50 w/hr. 
pment, Inc., 
ey, Calif. 


St., 


Magnetic Switching Reactors 


Standard line power magnetic switch- 
tors (above) are offered in four 

150 and 300 
units 
then perform 
ng operations for either 


ratings of 15, 75, 


These translate 


peres. 


to plain logic 


a-c or 

ls, depending on circuit arrange- 

No special power supply is re- 

nd they are compatible with 

Units range 

rom 35g X 3 X 234 in. (15 va) 
5 in. (300 va). 


5! x 416 
4 2 
Div., Magnetics, Inc., Butler, 


tching reactors. 


Metallic-Fire Extinguisher 


X-8 eloped for extinguishing metal- 
lic fires by shoveling or pouring directly 
irning parts, ingots or scrap 

in be used as a packing material 
additive to zirconium scrap 

) prevent spontaneous combus- 
X-8 or 
fusible salts and, therefore, is less 


contains no borates 
to contaminate these metals.- 
ntile Metals, Inc., P. O. Box 478, 


e, Pa. 


Lead-Filled Resin 


Maraset 341 is a lead-filled epoxy cast- 
ing for radiation 
Available in lead concentrations up to 


95 


material shields. 


vt % and densities up to 7.9 gm/cm*, 
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it is easily cast in inexpensive molds. 
Curing takes place overnight at room 
temperatures. Cast material is rigid 
and bonds well to glass, wood, metal 
and ceramics.— Marblette Corp., 37-31 
Thirtieth St., Long Island City 1, N. Y. 


Teflon Bellows 


Molded Teflon bellows have twice the 
burst strength and 20 times or more the 
flex life of conventional bellows ma- 
chined from Teflon cylinders. Fluoro- 
flex-T molded bellows cover both low- 
and medium-pressure with 
dynamic working pressures as high as 
120 psi, bending deflection up to 70 deg 
and axial movement to 2 in. or greater. 
They withstand temperatures as high 
as 450° F and are completely unaffected 
by all chemicals except molten alkali 
metals and fluorine at elevated tem- 


service 


peratures and pressures. 
Corp., Roseland, N. J. 
Titanium Pipe Fittings 


New line of fittings 
nuclear chemical-processing piping sys- 


titanium 


Significant 

Advance in 

Film Badge 
Dosimetry by 


Q 


+ 
v 





Resistoflex | 


for 


tems offers savings in weight, with 


greatly increased resistance to corrosion 


and erosion plus stability at elevated | 


temperatures. 
nium practically impervious to 
attack by corrosive salts at moderate 
temperatures. Titanium fittings pro- 
vide wide latitude in tensile strength, 
fatigue resistance and ductility under a 
wide range of 

Co., Cudahy, Wis. 


are 


conditions.—Ladish 


Pulse-Height Analyzer and Scaler 


Model 132 Analyzer Computer (above), 
designed for use with all gamma-sensi- 
tive scintillation counters, combines a 


500-1,500-v regulated supply, single- | 


channel pulse-height analyzer, binary 
scaler and an automatic push-button 
computing circuit. Window width is 
0-10 v and is independent of 0-100-v 
base-level setting to within 2% from 5 
to 100 v. Repeat preset time accuracy 
is 0.04 sec. The preset count circuit 


Fittings made of tita-| 


gives you all these 
special features in 





MEASUREMENT... 


Extreme sensitivity — 5 mr for 
soft x and gamma rays; 10 mr 
for hard x and gamma rays 

Wide exposure range — from 
5/10 mr to 600R 

Complete coverage— beta-gam- 
ma, x-ray, and neutron film 
packets are held in one badge 


| DESIGN... 


Tamper-proof — special unlock- 
ing device required to open badge 
Combined film and security 
badge — has space for stand- 

ard 142 X2 identification photo 
Lightweight — sturdy, moulded 
plastic badge weighs less than | oz. 


SERVICE... 


Prompt weekly reports, supple- 
mented by quarterly and annual 
cumulative report 

For data on the newest advances in 
| film-badge dosimetry write for Bulletin N-3 


| 


rerebolamelt., 
for 
rete bec haled es 
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interested 


in 
ATOMIC 
ENERGY? 


We will be glad to send you a free 
prospectus describing Atomic 
Development Mutual Fund, Inc. This 
fund has more than 75 holdings of 
stocks selected from among those 
of companies active in the atomic 
field with the objective of possible 
growth in principal and income. 

For further details, mail coupon. 


Atomic Development Securities Co.,Inc. Dept. N 
1033 THIRTIETH STREET, N. W. 
WASHINGTON 7, D. C. 


NAME 





ADDRESS 





CITY AND STATE 





— eee 





High Resolution 


CESIUM IODIDE (T.) 
SCINTILLATION 
CRYSTALS 


SUGGESTED APPLICATIONS: 


@ HEAVY PARTICLE, ELECTRON 
AND MESON DETECTION 


® SMALL, 
PROBES 


HIGHLY DIRECTIONAL 


© X-RAY SCREENS FOR NON-DE- 
STRUCTIVE TESTING 


Write for Technical Bulletin 257E 


We manufacture an extensive line 
of high quality scintillation and 
optical crystals including Nal (TI), 
Lil (Ev), “Lil(Ev), anthracene, stil- 
bene, plastic scintillators, NaCl, 
KCI, KBr, KCI, KI, CsBr and Csi. 





CORPORATION 


P.O. Box 34 © Palisades Park, N. J. 
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PRODUCTS & MATERIALS 
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|permits selection of any one of eight 
| diferent predetermined counts from 
400 to 51,200 total counts.—Nuclear- 
W. Erie 


St., 


| 


|Chicago Corp., 229 


| Chicago 10, Ill. 


| Seamless Tubing 


|Mandrel-drawn, seamless, stainless- 
isteel tubing gives a flow and 
la higher degree of corrosion resist- 
lance than ordinary rod-drawn tubing. 
|Called Lustraloy, the tubing is avail- 
able in sizes from 3¢- to 114-in. o.d. 
| and 0.020-0.109-in. wall thickness. 

|Columbia Steel & Shafting Co., Car- 


negie, Pa. 


freer 


Nitrogen-15 Compounds 


Offered are four new compounds of 
Nitrogen-15 in two forms—a standard 
compound (7% N?**) and an enriched 
compound (25% N*). The four new 
compounds are 60 % nitric acid (HNQ;), 
ammonium nitrate, (NH,NOs3) potas- 
sium nitrate (KNO;) and ammonium 
sulfate (NH ,).SO,4—Tracerlab, Ine., 
1601 Trapelo Rd., Waltham, Mass. 


Floor Surfacing 


| Poly Rock FG-777 is an industrial 
| floor surfacing composed of blended 
}air-cured resin with special types of 
Fiberglas reinforcing. Acid-and water- 
resistant, it is applied by brush and 
| trowel over concrete or wood, in or out 
of doors, taking an hour to harden and 
six hourstocure. It is available in two 
‘shades of gray; special colors can be 
Plant Mainte- 
nance, Inc., 623 Green Road, Cleveland 
21, Ohio. 


LITERATURE AVAILABLE 


Electronic instruments described briefly 
in a new short form catalog. Included 
are the following: Model CL 100 accel- 
erator current integrator, Model PH- 
200 universal photomultiplier, Model 
TH-300 millimicrosecond time-to- 
pulse-height converter, Model 
PA-400 multichannel pulse-height 
analyzer.—Eldorado Electronics Co., 
2821 Tenth St., Berkeley, Calif. 


provided on request. 


and 


Carbon-14 labeled compounds given 
new price list (1057) that contains an 
increased selection of compounds, par- 


ticularly the purines and pyrimidines. 
—Research Specialties Co., 2005 Hop- 
kins St., Berkeley 7, California. 
Thermal elements discussed with re- 
gard to the selection of those with 
maximum resistance to corrosive atmos- 
3ulletin 110.—The 
Partlow Corp., 505 Campion Road, 
New Hartford, N. Y. 


pheres in 4 p. 


Industrial periscopes, their design and 
covered in 
Kollmorgen Optical 
Northampton, 


use for remote viewing, 
4 p. bulletin. 
Corp., 347 King St., 
Mass. 


Pipe fittings for nuclear and conven- 
illustrated 
and described in General Catalog 55.— 
The Ladish Co., Cudahy, Wisc. 


tional power installations 


Temperature control equipment for 
stress-rupture and creep testing are dis- 
cussed in 2-page data sheet.—Leeds & 
Northrup Company, 4934 Stenton 
Ave., Philadelphia 44, Pa. 


Bistable diode, recommended for ap- 
plication in bistable circuits, ring coun- 
ters and.various switching functions, is 
discussed with diagrams, in a 4-page 
folder.—The Shockley Semiconductor 
Laboratory, Beckman Instruments, 
Inc., Mountain View, Calif. 


High-frequency induction units and 
accessories for rapid high-temperature 
combustion of laboratory samples de- 
bulletin, T-1067. 12 p.— 
Laboratory Equipment Division, Lind- 
2444 W. Hub- 


bard St., Chicago 12, Illinois. 


scribed in 


berg Engineering Co., 


Sample-counting equipment, described 
with emphasis on selection and includ- 
ing a comparative summary of the cost 
of all instruments covered, is the sub- 
ject of Bulletin 89.—Tracerlab, Inc., 
1601 Trapelo Road, Waltham 54, Mass. 


‘The Atomic Revolution’’ is the title of 
picture-caption booklet that explains 
the theory and peaceful uses of nuclear 
fission and fusion for high school and 
students.—General Dynamics 


445 Park Ave., New York 22, 


college 
Corp., 
oi: Re 
Thermocouple general application data, 
covering thermocouple elements, pro- 
tecting tubes, thermocouple extension 
wire and thermocouple insulators, is 
described in several folders.—Claud 8S. 
Gordon Co., Chicago, III. 


Protective coatings of synthetic resin, 
corrosion and solvent resistant, are de- 
scribed in new bulletin along with typi- 
cal applications. 12 
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p.—Mono-Seal 





Products, 44 Garden Street, Everett 


19, Mass, 


Boron n isotopes of masses 10 and 11, 
nformation regarding their physi- 
cal dunidiel and nuclear properties 
availability of boron and its 
compounds are discussed in booklet. 

Hooker Electrochemical Co., 
Niagara Falls, New York. 


with 


anda the 


Radioactivity detection and analysis 
provided by Baird-Atomic 1958 nuclear 
instruments described in detail in 
Catalog A-1.—Baird-Atomic, Inc., 33 


University Rd., Cambridge 38, Mass. 


Carbon-14 labeled compounds and 
prices are listed in Technical Bulletin 
N-18.—Nucleonic Corp. of America, 
196 Degraw St., Brooklyn 31, N. Y. 


‘Electronic Instruments for Nuclear 
Science’’ is title of 28-p. Catalog 58 
containing detailed descriptions of spec- 
trometers, scalers, counters, ete.—Tulla- 
Electronics Laboratory, 6055 S. 
Chicago 36, II. 


more 


Ashland Ave., 


Transistorized beta-gamma monitors 
are described in 4-p brochure.—Univer- 
sal Atomics Div., Universal Transistor 
Products Corp., 36 Sylvester St., West- 
bury, L. L, N. Y. 


lonization gage that reads in the 10-* 

Hg region is subject of Bulletin 
P9-10.—Consolidated Electrodynamics 
Corp., 1775 Mt. Read Blvd., Rochester 
3. Be 


Stainless-steel fastener selector and 
stock list comprise 8-p guide.—Allmetal 
Screw Products Co., Inc., 821 Stewart 
Ave., Garden City, L. I., N. Y. 


‘Filters for Nuclear Applications”’ is 

f 4-p folder.—Purolator Products, 

, 970 New Brunswick Ave., Rah- 
Niw@e 


Uses of stainless steel in the nuclear 
field is subject of 4-p bulletin.—Alloy 
Tube Div., The Carpenter Steel Co., 
Union, N. J. 


Metal-processing machines that can 
be used in the fabrication of fuel ele- 
described in Publication 
16 p.—Stanat Manufacturing 
Westbury, L. I., 


ents are 
1057. 
Co., 500 Shames Dr., 
a. Bs 
Oscillographic recording equipment is 
ved in 16-p catalog.—lIndustrial 
Div., Sanborn Co., 175 Wyman S8t., 
Waltham 54, Mass. 


daescril 


Health physics is discussed in all its 
phases in Pamphlet TL-88.—Tracerlab, 
Inc., 1601 Trapelo Rd., Waltham 54, 
Mass. 
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‘Instrument and Control Switches” is| 


the title of 8-p Bulletin 14B8112A.— 
Allis-Chalmers Manufacturing Co., 
Milwaukee 1, Wisc. 


‘‘Atomlight’’ is the title of a new bi- 
monthly bulletin containing short tech- 
nical articles on tracer applications. 
Sample subject: tritium labeling —New 





England Nuclear Corp., 575 Albany | 
St., Boston, Mass. 


Regulator valves available in monel | 
and aluminum for corrosive services are | 
described in 32-p catalog.—Jordan In- 
dustrial Sales Div., OPW Corp., 6013 
Wiehe Rd., Cincinnati 13, Ohio. 


Liquid scintillation spectrometers for 
counting tritium and C'* samples is the 
subject of 4-p Specification 314-8-57.— 
Packard Instrument Co., Inc., P. O. 
Box 428, La Grange, IIl. 


INDUSTRY NOTES 


Tracerlab-Keleket, Inc. has moved the 
Keleket International Corp. from New | 
York to the corporation headquarters | 
in Waltham, Mass. 





Structural Display Co., Inc. of L.I.C. | 
designs and produces displays exhibit- | 
ing applications of atomic energy. 
companies represented through its 
projects at the ‘‘Atomfair”’ in the New 
York Coliseum last October were the | 
Shell Oil Co., ACF Industries, Inc. and 
the Budd Co. 


Eldorado Electronics, manufacturer of | 
nuclear electronic instruments, has| 
moved from Oakland to larger leased 
quarters in Berkeley, Calif. | 


The Federal Civil Defense Administra- | 
tion, Battle Creek, Michigan, has ap- | 
proved and ordered into production a| 
transistorized dosimeter charger for | 
civil defense that is manufactured by | 
Universal Tronsistor Products Corp., | 
Westbury, N. Y. 


Hamner Electronics Co., Inc., of 
Princeton, N. J. has: appointed Crossley | 
Associates, Inc., manufacturers repre- | 
sentatives of Chicago, Illinois, to han- | 
dle its line of nuclear and electronic | 
instruments. 


Walter Kidde Nuclear Laboratories is | 
performing a radiological survey of soil, | 
water, air and biological conditions in 
the vicinity of the Industrial Reactor 
Laboratories research reactor being | 
built by AMF Atomics near Plainsboro, 
N. J. 


need 
high vacuum 
components ? 


STOKES 


The Stokes Mcleod type High 
Vacuum Gage is the only 
McLeod type gage that com- 
bines absolute standards of 
accuracy and precision with 
convenience and rugged con- 
struction for practical laboratory 
or industrial service. Four 
models are available with 
ranges of .01-5000; .1-500; 
1-5000 microns and .01-50 
millimeters Hg. 


Dee cee ce cess ee pb come ee cas cs cs cans ee eb 


, Se makes a complete line 
of vacuum components . 
advance-designed engi- 
neered to help make your vac- 
uum systems more productive. 
Each unit reflects Stokes’ 
paralleled experience, pioneering 
leadership and wealth of basic 
vacuum technology. 


and 


un- 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical! 
Vacuum Gages, 


Booster Pumps, 
and Valves. 


Send for technical data on any 
or all . . . without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5562 Tabor Road, Phila. 20, Pa. 
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Matheson Gas Quartz Bibliography 


Continued from p. 122 
Mixtures for — 
atoms by fast neutrons (7, 32, 33, 40- 
Nuclear _ y fast neutron , 
Counting Color Effects 


Unirradiated high-grade quartz is 


Matheson offers prompt delivery standard * 
eens ceevery Senta clear and uncolored. With several 


and custom mixed gases for all Nuclear Flow le: gp 
Counter requirements. Close quality control hours of X irradiation, natural quartz 
assures stable operating characteristics and becomes a uniform gray. 

optimum performance. The susceptibility of synthetic quartz 


The folldwing standard mixtures are avail- to darkening under X irradiation is re- 
able from our three plants in four cylinder lated to impurity content. Synthetic 
ae quartz grown in the presence of alumi- 


PROPORTIONAL COUNTING MIXTURES num darkens readily. Aluminum 
90% Argon, 10% Methane atoms, probably incorporated sub- 
96% Helium, 4% Isobutane stitutionally, become optical centers 


GEIGER COUNTING MIXTURES upon ionization (19). 
1.3% n-Butane, 98.7% Helium Pile-irradiation darkening is very 


9 by i . . . . 
ee Cee, SOLES en similar to photon darkening in both 


Special mixtures compounded to your specifications pattern and intensity. Darkening in- 
Matheson offers a complete line of Automatic creases up to neutron exposures of 6 X 
Pressure Regulators, Valves, Flowmeters and Spe- Vee 

4 ; 10? nvt. 
cial accessories for the accurate flow control vital “age nh 
to counting operations. Our Sales Engineering De- takes place to~3 X 10'* nvt when the 
partment will be glad to help you choose the crystals are transparent and clear again 
_ Proper compo.rents for your requirements. 


Thereafter steady bleaching 


(13). Heat treatment generally an- 

A neals color changes. 

The Matheson Company, Inc. Frequency Changes 

Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif Irradiation causes an exponential 
BAPE TO Sen one neg frequency change toward a saturation 


48 DOMESTIC & WORLDWIDE that can be as much as 0.02% for 








ACCURATE : 8 a as 
photon irradiation and 1.4% for neu- 


sou E mM Ba d q e S e ry ( e tc tron irradiation. Suitable heat treat- 


ment almost completely anneals the 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) Clip-on, wrist frequency changes (13) 


or ring style vm ‘ , j 
i gE The exponential change varies in 
We don't keep you waiting! You're entitled to—and you get—speedy ‘‘local service no a, ; hte 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight rate and magnitude with cut, initial 
exposed films to us. Accurate exposure reports are airmailed back within 48 hours after film ~ : al * ; 
Is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign Irequency and thickness, and previous 
clients, within 1 week. Ten-to-one, that’s better service than you are now getting. history (9). Amount of change ap- 

In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy . 2 
over a wide range of energies and exposures. Records are permanent and legcl. pears to be related to extent of blacken- 
Ask for Bulletin 20. Let us quote on your particular needs. Our low prices will surprise you. 





ing. The greatest changes are limited 
Instruments f weer 
Pb ne Pll by cessation of oscillation at high neu- 


Education, Industry, . ltr , snres (79) 

“Prospecting. iil Rte). lem ele Mae Cllala- meme | ron exposures (13), 
Catalog on request | It is found that half of the X-ray 
196 Degraw St. Brooklyn 31. N.Y. |saturation change (0.018%) for a cer- 

i tain type of plate is produced by the 








following doses: 


Dose Temperature 
keep abreast mper 


Radiation (rad 
X-rays 14.4 X 10° 20 


of Reactor 4.8 < 108 95 
* ee 
industry news echanical Properties 


Fast-neutron-irradiated quartz ex- 


a sen x die ; 
via ROUND hibits an anisotropic increase in volume 


and a decrease in density in three 
( h il ) stages: The first is a slow change ap- 
ft e ye Ow pages parently indicating displacement of 
atoms into available interstitial posi- 


+ 
in tions; the second is a more rapid change 
of magnitude indicating further atomic 
N U i L EO N | C s displacements; finally at exposures of 
~10* nvt single-crystal X-ray reflec- 
A McGRAW-HILL PUBLICATION er ee ee re 
10nS disappear (vod). 
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NEWSMAKERS 





University of California Radiation Lab- 
oratory at Livermore has appointed its 
fourth and fifth associate directors, 
Harold Brown and John Stuart Foster, 
Jr. CRL director is Herbert York. 


Carter L. Burgess has taken over the 
American Machine «& 
Foundry, 
ing Morehead Pat- 
terson, board chair- 
man. Patterson 
held both jobs until 
Burgess, an indus- 
try and university 
executive, came to 
AMF. Burgessisa 
former assistant 
secretary of defense and former presi- 
dent of Trans World Airlines. 


presidency at 
succeed- 


Dr. Frank C. Hoyt, physics chief at 
Lockheed Missile Systems division, has 
named to AEC’s committee of 
senior reviewers. The committee has 
scheduled a thorough study of AEC’s 
weapons classification policy. 


been 


GE’s Vallecitos Atomic Laboratory 
has promoted Samuel Untermyer Il, 
lesigner of VBWR, to be consulting 
engineer on reactor technology, follow- 
ing successful initial operation of the 
Edward P. Lee was 
named reactor operations manager. 


bouing reactor. 


J. Emmett Maider and O. B. Falls, Jr., 
have been named to new posts in 
General Electric’s Atomic Power Equip- 
ment Dept. Maider, manager of the 
Dresden project until appointment as 
manager of project operations for 
APED in 1956, will head a new, com- 
bined section on marketing and proj- 

ts. Falls, former APED marketing 
manager, will serve as consultant to 
George White, general manager of the 


department. 


B. John Garrick has joined Holmes & 
Narver, Inc., Los Angeles, as chief 
nuclear scientist in the firm’s new nu- 


ear division. 


surns & Roe, Inc., has picked William 

G. Carlson to handle preliminary de- 
sign of supporting facilities for AEC’s 
plutonium reactor project at Hanford, 
Wash. Carlson developed the Burns 
& Roe design for nuclear aircraft engine 
test facilities at AEC’s Idaho reactor 
test station. 


Dr. James H. Klein has been given 
major responsibility for expansion of 
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Stanley Aviation’s technical capability 
in the missile and nuclear power fields. 
He joined the company as chief re- 
search engineer after 18 months of 
work on missiles and reactors at Ramo- 
Wooldridge Corp. 


Bendix Aviation has elevated Murray | 


Kanes, electromechanical development 
chief, to general manager, Friez Instru- 
ment div. Kanes directed early devel- 
opment work at Oak Ridge on nuclear 
propulsion for aircraft. 


John A. Harris, Jr., of the Associated 
Press Washington bureau, has suc- 
ceeded Robert Solomons as information 
officer at AEC’s Oak Ridge Operations 
Office. Solomons was recently named 
nuclear information officer for the state 
of Kentucky. 


Atomics International has sent its top 
reactor man, Frank E. Faris, to Ger- 
many to take on 

management of the 

technical dept. of 

Interatom, new 

| joint subsidiary of 

AI and Demag AG, 


Duisburg (NU, Jan | 


58, 
has 


19). Demag 
contributed 
Lars C. Fischer- 
Zernin to Interatom 
tohandlesales. Faris directed develop- 
ment of two AI reactors for AEC—the 


Faris 


sodium experiment near Los Angeles | 
and the organic moderated experiment | 


at Idaho Falls. Marlin E. Remley has 
taken over as acting chief of AI reactor 
development. 


Alan R. Gruber, formerly of Nuclear | 
Development Corporation of America, | 
(NDA) has been named assistant chief | 
engineer in charge of nuclear systems | 
research for Marquardt Aircraft’s long- | 


range planning & research division. 
The division has been dubbed “ Astro,” 
for the initials of air-space travel re- 
search organization. 


The American Institute of Mining, | 
Metallurgical and Petroleum Engineers | 


has bestowed its award— 
upon Donald 


president of 


highest 
honorary membership 
Hamilton McLaughlin, 
Homestake Mining Co. 


Kaiser Engineers Division of Henry J. 
Kaiser Co. has a new assistant general 
manager—J. E. Hughes, former vice 
president of the parent firm. He will 











142” & 6” x 8” Heavy Duty 
2-high/4-high Combination 
Rolling Mill with 175,000 Ib. 
Separating Force Capacity 


need special metal 
processing machinery? 


Whether it’s continuous casting 
of uranium alloys in vacuum, saw- 
ing of “hot’’ materials with re- 
mote control, rolling of plutonium 
shapes in glovebox enclosures or 
stretcher-straightening of tubular 
fuel elements, chances are you'll 
find the answer to your nuclear 
and metallurgical processing 
problems at LOMA. Our experi- 
enced engineering organization 
and manufacturing plant special- 
izes in the construction of 
custom-built metal processing 
equipment. Our machinery can 
be made for manual or automatic 
operation, with direct or remote 
control, in single units or inte- 
grated facilities, for laboratory or 
high product application. Our 
standard line of equipment 
includes: 


@ Casting Machines and Molds 
@ Saws and Cut-off Machinery 

@ Hot and Cold Rolling Mills 

@ Rod and Tube Draw Benches 
@ Roller and Stretcher Levellers 
@ Air and Hydraulic Tube Testers 


For detailed information, write 


LOMA 


MACHINE MFG. CO., INC. 
114 East 32nd Street 


New York 16, N. Y 
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be responsible for all Kaiser design, 
engineering and construction services 
to the steel, petroleum, nuclear, chemi- 
cal, power and minerals industries. 


Frank E, Myers and Joseph M. Harrer 


| have been appointed associate labora- 

T BE tory director and 

fel-19 Galt] 2 ! associate director of 

: reactor engineering, 

ENGINEERING #& respectively, at 

: Argonne National 

Laboratory. My- 

ers was granted a 

2-year leave of ab- 

sence from his posts 

ews as dean of the gradu- 

ate school and head 

of the physics dept. at Lehigh Univ. 

His job at ANL, a new one, gives him 
guidance of ANL’s 
program to train 
more nuclear scien- 
tists and engineers. 
Harrer, a 10-year 
man at ANL, will 
continue to direct 
the lab’s work on 


THE NRG 200 |. boiling water re- 
3 = - : actors. 

‘s , en | Horrer 
SERIES OF rae i | Appointment of Harold Sowman as 
; eat | supervisor of materials, nuclear re- 
| OW- INDUCTANCE ‘ eae : , ‘ | search section, has been announced by 
AR pgind te. Minnesota Mining & Manufacturing. 
THERMONUCLE : ie ? | Donald J. McPherson has been ap- 
a iaithe STORAGE So eres - x pointed manager for metals research at 
Set a. 1 sae eas . Armour Research Foundation, Illinois 
CAPACITORS cg “ Institute of Technology. He will di- 
ie Re ts : | rect all research in reactor metallurgy. 


i Isotope Developments, a British firm, 
NRG-200 SERIES SPECIFICATIONS ire Sere has filled two top posts in its engineer- 








‘a Mating’ _ | iste vahiotenes ie . . 
Type iva, oe a feo es } ing make-up: R. Y. Parry, technical 
. manager, and J. S. Eppstein, chief 








NRG-201| 1000 | 5.0 | 20 kV 
wRG-202| 1500 | 7.5 | 20 Kv engineer. 
wRG-203| 2000 | 10.0 | 20 Kv 
NRG-204| 3000 | 15.0 | 20 Kv : Phillip Thompson of Nuclear Metals, 
ings Inc., has been named to serve on the 


& 























Tobe now announces the availability For further technical information or Massachusetts Commission on Atomic 


of a series of reliable, low-cost energy- engineering aid, write Tobe Deutsch- Energy. 
storage capacitors for ther monuclear mann Corporation, Norwood, Mass. Cididital Ste en Sek irate ate 
equipment and similar applications. ; Pt ak og aA RS gh ig 
The NRG-200 series capacitors have Specify plied inti: Wasinnien salt tos con: 
a minimum life expectancy of 1000 a aphinn sultant-liaison work with the govern- 
operations, and may be operated at ‘ae a a ment; Everett Sarratt has been named 
ambient temperatures up to 40°C. es ; a a chief engineer for instrument products 
Maximum permissible reversal volt- = 
age is 90%. They can be discharged 
into a very low-impedance load with 


responsible for development of all nu- 

clear laboratory equipment. The addi- 

. tion of Gen. Maxwell was explained as 
complete safety. as part of Tracerlab’s first real effort to 

TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 1929 get government business. 
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NUCLEAR CAMPUS 





© AE 
tute of 


grants of $81,106 to Case Insti- 
Technology will permit the 
Cleveland school to expand both its 


pl 


ysics and chemistry programs in 
They will buy geiger 
counters, scintillation counters, ioniza- 
and other nuclear 


four new courses in 


nuclear science. 


chambers 
add 


nuclear chemistry and purchase a heat 


tion 
equipment, 


transfer loop and a solvent extractor. 


eA 
nuclear 


AEC’s 


for a state-sponsored 
college, to be located near 
Hanford Works at Richland, 
has been gaining ground since 
rst of the year. The state’s 
ory council on commerce and 
development took its first 
at the proposal in January and 
has scheduled a full study this year. 
The school might be a unit of either 
the University of Washington or 
Washington State College, or a joint 
enterprise of both. 


proposal 


econol ( 


1 
LOOK 


®AEC New York Univ. have 
cemented a working research-teaching 
the former’s 
Health and Safety Laboratory at the 
New York Operations Office and the 
latter’s Institute of Industrial Medicine 
co sponsored by Bellevue Medical 
Members of the HASL staff 
will serve on the Institute’s faculty, and 
Institute personnel will work in HASL’s 
research program. 


and 


arrangement between 


Center). 


* Stanford established a 
nuclear technology laboratory within 
its Harris J. Ryan High Voltage Labo- 
Coincidentally, it has begun 
construction of a $124,000 biophysics 
laboratory within its W. W. Hansen 
Laboratories of Physies. Initial bio- 
physical research projects, upon com- 
pletion of the lab this summer, will 
X-ray microscopy, radiation 
physics, experimental high-energy elec- 
tron therapy of cancer, paramagnetic 
studies of free radicals, 
ilar radiobiology and radiation 


Univ. has 


ratory. 


nciuage 


resonance 

chemistry. 

Eventually, the nuclear technology 

wl] - ] } S Io 

ill also house Stanford’s 

| assembly and its projected 10- 
training and research reactor. 


sub- 


* 21 students from 18 foreign countries 
have completed the preliminary course 

nuclear technology at North Caro- 
lina State College and have moved on 
to the International School of Nuclear 
and Engineering at Argonne 
for more advanced study. 
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science 


®A broad range of study aid oppor- 
tunities—teaching assistantships, re- 
search assistantships and fellowships— | 
are available for the 1958-59 academic | 
year at Carnegie Institute of Tech-| 
nology, Pittsburgh. Fields include} 
nuclear science, physics, and chemical, 
civil, electrical and mechanical engi- 
neering. In addition to departmental 
laboratories, there is a Nuclear Re-| 
search Center and a Metals Research 
Laboratory whose facilities and senior 
staff are available. Contact: Dean of | 
Graduate Studies 


Coy) IATION 


_ DETECTTO/N 


TO SAFEGUARD YOUR EMPLOYEES 
¥ / 


FILM 
BADGE 
SERVICE 


* BETA-GAMMA * NEUTRON 


Custom service—tailored to your 
needs 


Courses 


The Argonne National Laboratory has | 
scheduled its second review of nuclear | 
fundamentals for high school teachers. ! 
Four sessions, each spanning 2}¢ weeks, | 
are tentatively slated for the periods | 
June 9-25, June 30—-July 17, July 21-| 
Aug. 6, and Aug. 11-27. More than | 
400 radioactivity and high school 
demonstration kits, costing $125,000, | 
have been purchased as course aids. 


Fast, efficient—consistently 
accurate 


Wide range—10Omr to 1000R 


Cable Address: HEPPHYSICS 


HEALTH PHYSICS 
Nine nuclear institutes for engineering SERVICES co. 


educators will be held at as many | 1109-13 Low St. - Baltimore 2, MD. 
. é - - 
points across the country this un» Ts 


under the sponsorship of AEC and the 


American Society for Engineering | 
TRADE-MARK 


Education. More than 225 teachers | 
will get special instruction in nuclear | 

SCINTILLATION 
PHOSPHORS 


education programs for engineering 
students. AEC has put up some $400,- 

FOR LIQUID AND PLASTIC COUNTING 
“POPOP” (Scintillation Grade) 


000 to fund four institutes for teachers | 

with no special nuclear background, | 
M.P. 245-246° C 
Fivorescence Max. 420CA 


four courses and a basic} 
course for teachers in technical insti- | 

2,5-DIPHENYLOXAZOLE 
M.P. 70-72° C 


tutes. All courses begin in June, end | 
Fivorescence Max. 3800A 


in August. 
ALPHANAPHTHYLPHENYLOXAZOLE 

(Scintillation Grade) 

M.P. 104-106° C 

Fivorescence Max. 4050A 
p-TERPHENYL (Scintillation Grade) 

M.P, 211-212° C 

Fivorescence Max. 3460A 
1,1,4,4-TETRAPHEN YLBUTADIENE 
(Scintillation Grade) 

M.P. 104-106° C 

Fivorescence Mox. 4320A 
PHENYLBIPHENYLYLOXADIAZOLE 
(Scintillation Grade) 

M.P. 167~-169° C 

Fivorescence Max. 3700A 
CADMIUM PROPIONATE, Anhydrous 

M.P. 182-185° C 
Solubility: 12g per 100 mi of 1:9 metha- 
| nol-toluene 
Available from stock or from our Dis- 
tributor, together with his many services 
in this field—write to Dept. ‘‘K"’ for 
free booklet on these products. 





advanced 


=! a (Scint. Grade) 
The tenth in a National Industrial | 


Conference Board series of atomic 
energy courses for management will 
be held April 14-19 at Westchester | 
Country Club, Rye, N. Y. Tuition | 
fee is $480. 


The Naval Research Laboratory, | 
Washington, D. C., is sponsoring an | 
experimental series of seminars on 
basic science and engineering for ele- | 
mentary, junior high and high school 
teachers. The twice-a-month series | 
began February 15 and will run through 
May 19. 


An intensive summer course in auto- | 
matic control will be offered at Michigan | 








Univ. College of Engineering, June 16- 
25, for engineers. Contact L. L. 
Rauch, East Engineering Bldg., Michi- 
gan Univ., Ann Arbor. 


ARAPAHOE CHEMICALS, INC. 
m™ 2800 PEARL STREET * BOULDER, COLORADO 
| PRODUCERS OF FINE ORGANIC CHEMICALS 





Davison Nuclear Reactor Materials Plant, Erwin, Tennessee 


NEW. .» DAVISON AT ERWIN 


Makes Uranium and Thorium Metals 
Available In Tonnage! 


Located at Erwin, Tennessee, 
Davison’s new plant is the first of 
its kind constructed by private 
capital. Flexible in equipment and 
staff, this plant can supply whatever 
industry calls for in the way of 
uranium and thorium metals for 
nuclear power. 

The Davison plant offers the only 
completely integrated facility for 
processing concentrates through 
feed materials in the form of com- 


pounds and metals. 


Reduction furnace showing charge of thorium 
being removed in bomb-type retort. 


Vacuum induction melting furnace can make 
1,200 Ib. uranium ingots, designed for alloying 
and special castings to 3,000 ib. 
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Metals and oxides are available 
with any U2; content desired. Also 
available: UO., U;O,;, ThO,. and 
UO,-ThOs. 

Davison at Erwin now 
ready to serve the nuclear reactor 


stands 


industry. We welcome your inquiries: 


DAVISON 


CHEMICAL COMPANY 


Division of W. R. Grace & Co. 
Erwin, Tennessee “ 
eas 


“Wet” area where uranium and thorium mate- 
rials are processed in liquid media. 


Bottom view of 35-ft. high stainless steel, pulse- 
type solvent extraction columns originally 
developed by AEC. 


|NUCLEAR CALENDAR 


March 17-21—Nuclear Congress will 
include four events, at International 
Amphitheater, Chicago: A. Fourth 
Nuclear Engineering & Science Con- 
gress (EJC), running all five days. 
Contact congress manager, American 
Institute of Chemical Engineers, 25 
West 45 St., New York 18. 8. Atomic 
Industrial Forum Atom Fair, all five 
days, contact J. V. Friel, 304 Archi- 
tects Bldg, Philadelphia 4, C. Sixth 
Hot Laboratories & Equipment Con- 
ference, 19-20th; contact Frank Ring, 
Jr., ORNL, Oak Ridge, Tenn. D. 
Sixth Atomic Energy in Industry 
Conference, National Industrial Con- 
ference Board, 17—19th; contact John 
J. McMahon, 460 Park Ave., NYC. 





March 24-27—National Convention 
IRE, New York (Waldorf, Coliseum). 
275 papers in 55 sessions. Contact 
E. K. Gannett, IRE, 1 E. 79 St., N. Y. 


March 26-28—20th meeting, American 
Power Conference, Chicago (Sher- 
man). Contact R. A. Budenholzer, 
Illinois Institute of Technology, 3300 
Federal St., Chicago 16, 


March 27-29—American Physical So- 
ciety, Chicago (Univ. of Chicago Study 
of Metals Institute). Solid state and 
high-polymer physics programs. Con- 
tact K. K. Darrow, Columbia U., N. Y. 


March 31—April 2—Symposium on Appli- 
cations of Electron and Nuclear Reso- 
nance in Chemistry, The Chemical 
Society, Bristol, Eng. Contact The 
Chemical Society, Burlington House, 
London, W. 1. 


March 31—April 2—Conference on uti- 
lization of atomic energy, Texas 
A. & M. College, College Station, Tex. 
Will cover reactors, isotopes, waste 
disposal, petroleum applications, edu- 
cation. Contact R. E. Wainerdi, 
Texas A. & M., College Station. 

April 7-8—Symposium on_ industrial 

utilization of radioisotopes at Loyola 

College, Baltimore. Sponsored 

jointly by Loyola, AEC, Baltimore 

Applied Nucleonics Society, and Balti- 

more Assn. of Commerce. Contact 

Henry T. Douglas, Baltimore Assn. of 

Commerce, 22 Light St., Baltimore, 2 


Md. 


April 8-10—Brooklyn Polytechnic Insti- 
tute international symposium on elec- 
tronic waveguides, New York (Engi- 
neering Societies Bldg., 33 W. 39 St.). 
Includes papers on microwave prop- 
erties of high- and low-density plasmas. 
Contact Jerome Fox, Brooklyn Poly- 


tech, Bklyn. ;  - # 


April 19-25—Thirteenth National Indus- 
trial Health Conference, Atlantic City. 
Emphasis on hazards introduced by 
changing technology, including radi- 
ation. Contact Mrs. Tula 8. Bro- 
card, Rm. 2029, Temporary R, 300 
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Independence Ave., S. W., Washing- 
ton 25, D. C. 

April 20-23—Canadian-U. 8. chemical | 
engineering conference, American In-| 
stitute of Chemical Engineers and | 
Chemical Institute of Canada, Mon- | 
treal. Contact H. R. L. Streight, | 
DuPont Co. of Canada, PO Box 660, | 
Montreal, Quebec, Canada. 


April 27—-May 1—Annual spring meeting, 
Electrochemical Society, New York 
Statler). Symposium on “The Prep- | 
aration, Evaluation and Uses of High- | 
Purity Metals.”” Contact M. A. Stein- 
berg, Horizons, Inc., 2906 East 79th 
St., Cleveland 4, Ohio. 


May 1-4—Italian Society of Radiology 
and Nuclear Medicine, 20th Congress, | 
Cagliari, Italy. Contact Society, 
Via Comelico 2, Milan. 


May 2—Fifth Annual Conference for 
Engineers and Architects, sponsored | 
by Ohio State University’s College of | 
Engineering, Columbus, Ohio. Ses- 
sion on nuclear engineering, including 
power reactor trends, nuclear fuel | 
processing, waste disposal, metallurgy | 
and cost of nuclear fuel, and non-| 
destructive testing of nuclear com- | 
ponents. Contact Ohio State Univ. | 
Bureau of Public Relations, Columbus. | 


May 24-31—International Water Supply 
Assn., 4th Congress, Brussels. Lec- | 
ture on atomic energy and its relation 
to water supply. Contact L. Millis, | 
International Water Supply Assn., 10 | 
Square Ambiorix, Brussels 4. 


May 27-29—Third annual reactive 
metals conference, American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Buffalo (Statler). 
Contact S. F. Urban, National Lead 
Co., Buffalo, N.Y. 

June 2-5—American Nuclear Society 
annual meeting, Los Angeles (Statler). 
Contact W. R. Hainsworth, Fluor 
Corp., Los Angeles. 





June 2-6—Symposium on the Peaceful | 
Uses of Atomic Energy in Australia, | 
Sydney. Exhibition and five-section | 
onference—materials, power engi-| 
neering, power auxiliaries (fuel cycles, | 
chemical processing, economics), basic 

sciences (nuclear and thermonuclear), | 

ind associated techniques (radio- | 
isotopes, handling instrumentation, 
health, education, training). Contact | 
Symposium General Secretary, AAEC | 
Research Establishment, Sutherland, | 
New South Wales, Australia. 

June 2-7—International Conference on | 

Solid State Physics in Electronics | 

ind Telecommunications, Brussels. 

Scheduled in conjunction with Brus- 

sels Fair. Papers on radiation-sensi- 

ve materials, phosphors, electro-| 
luminescent materials, infrared de- 
tectors, image amplifiers, light ampli- 
fiers, ete. Contact.General Secretary, | 

Société Belge de Physique, Loverval, | 

Belgium. 
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WHERE TO BUY 


Footing additional products, i 
ties services for Atomic ° 
Nuclear Engineering & Applied Radia- 


tion. 








~ EMPLOYMENT | 
OPPORTUNITIES 


(Continued on pages 144 & 145) | 











URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium ° Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Seience and Engineering Comps 


P.O. Box 10901, Pittsburgh 36, Penna. 














THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 








Larger Sizes Now Available 
Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH * SEATTLE 8, WASH. 











SEARCHLIGHT 
hy 309 £10], | 





a TERRIFIC BARGAIN in a 


‘SOLA CONSTANT-VOLTAGE 
TRANSFORMER 


Ends fluctuating line 
voltage! 


BIG DISCOUNT OFF... 


the factory price at a 1-input 2,000 VA 

unit! And here's another bonus! This 

Air Forces 2,000 VA overstock, Sola Cat. No. 30768, has 
4 inputs! 90-125 V,, 190-250 V,, 60 cy. or 50 cy. ated 
cocundary is constant 115.0 V. + 1% from no load to full- 
load of 17.4 amp. So, if you choose, use it as a 220:115 Vv. 
step-down. And slash $97.50 off the factory 1-input price! 
Brand new in original wood box. 


cu. ft. Ship. wi. 254 Ibs. F.0.B. $147.50 
(EXPORTERS: Note choice of 50 cycles.) 
THE M,. R. COMPANY 
Beverly Hills, Colif. 

















312 to 20% DISCOUNT 


j ON 
TECHNICAL BOOKS PLUS A 
) LIBERAL YEARLY DIVIDEND 
) 

j 


Box 4561 
Pic-a-Book Washington 17, D.C. 








Special Service 


Industrial and Medical Laboratory Radiation In- 
. Hub- 


strument’s Repaired. Electronic Aides, 5 W 


| bard, Chicago 10, Ill. MI 2-2134, 








“+NUCLEAR 
ENGINEER 


To head department being es- 
tablished for reactor core analysis 
and fuel element design. Must be 
a man experienced in both the 
theoretical and practical aspects 
| of nuclear core design, and pos- 
| sesstheabilityto get things done. 


"+ METALLURGIST 
_ (Physical) 


Should have a strong Metal- 
lurgical Engineering background 
with specific experience in the 
design, performance and evalua- 
tion of irradiation experiments 
on metal and ceramic fuels. 


Please send resume including 
background and salary desired to: 
Personnel Department 


SYLVANIA-CORNING 
NUCLEAR CORP. 


PO Box 59, 
Bayside, LI, NY 




















ADDRESS BOX NO. REPLIES TO: Box No 
Classified Adv. Div. of this publication 
Send to office nearest you 
NEW YORK 36: P. O 
CHICAGO 11: 520 N 
SAN FRANCISCO 4: 


Box 12 
Michigan Ave 


68 Post St 


Position Wanted 


Several Hanford trained Radiation Monitors are in- 
terested in positions in Radiation and Contamination 
Control or related fields, Resume of experience and 
recommendations can be furnished. Write P.O. Box 
702, Richmond, Washington. 


Art Director for industry. Background graphic arts, 
physics, industrial design. Will relocate, PW-7283, 
Nucleonics. 


Selling Opportunity Wanted 


Top Notch Eastern Representation Available—One 
of the most competent and effective eastern nuclear 
sales engineering organizations offers intensive cover- 
age, from New England to Virginia, to additional 
manufacturer of nuclear instrumentation, chemicals 
or accessories. Staff of nuclear specialists (grad. 
EE’s and physicists) plus complete facilities for 
sales, service and demonstrations with Met. cw 
York headquarters. Please write to RA-7419, Nu- 
cleonics. 
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EMPLOYMENT OPPORTUNITIES 


DISPLAYED 
The advertising rate is $19.33 per inch for all ad- 


——-RATE 


vertising appearing on other than a contract basis. 


Contract rates quoted on request. 
An advertising inch is measured }” vertically on a 


column—3 columns, 30 inches to a page. 
Subject to Agency Commission. 
Send NEW ADS and inquiries to Classified Advertising Division of Nucleonics, P. O. Box 12, N. Y. 36, N. Y. 


UNDISPLAYED 


$1.80 per line, minimum 3 lines. To figure payment 
count 5 average words as a line. Box numbers— 
counts as | line, 

Position Wanted ads, + of above rate. 

Discount of 10% if full payment is made in advance 
for 4 consecutive insertions. 
{ot subject to Agency Commission. 








ATOMIC POWER DEVELOPMENT 








Engineering & Research 

Openings for: 

*NUCLEAR FUEL 
METALLURGIST 

*¢NUCLEAR MATERIALS 
ENGINEER 

*REACTOR PHYSICIST 

*REACTORCONTROL ENGR. 

eSR. REACTOR ENGINEER 

eINSTRUMENT & CONTROL- 
APPLICATION ENGR. for 
complete Atomic Power Plant 

eHEAT TRANSFER & FLUID 
FLOW ANALYST 

*HEAT EXCHANGER 
SPECIALIST 


Engineering or Scientific Degree 
and minimum of two years’ ex- 
perience in atomic field desirable. 


Design and development work in 
Detroit on the Enrico Fermi 
Atomic Power Plant and develop- 
ment of Fast Breeder Reactors for 
use in generation of electric power 
—supported by major Industrial 
and Utility Companies in fore- 
front of pioneering development 
which has attracted world-wide 
interest and contacts. 


Salaries commensurate with abil- 
ity and experience. 


Write: 
GerorceE A. SoLp 


ATOMIC POWER DEVELOPMENT 
ASSOCIATES, INC. 


1911 First Street 
Detroit 26, Michigan 


SALES ENGINEER 


NUCLEAR INSTRUMENT 
SALES SPECIALIST 


To train and assist established 
medical equipment sales force to 
sell Nuclear Instruments. Sales 
and technical background nec- 
essary. Must be willing to travel 


and perhaps to relocate. 


PICKER X-RAY CORPORATION 
25 South Broadway White Plains, N.Y. 











SALES ENGINEER 


Excellent opportunity in growth in- 
dustry for high caliber man with en- 
gineering or scientific degree and 
background in nuclear engineering. 
Ability to handle complex technical 
sales problems with reactor engineers 
in nuclear field of prime importance. 
Salary. Please send complete resume 
to: 
Personnel Office 
THE BRUSH BERYLLIUM COMPANY 
4301 Perkins Avenue 
Cleveland 3, Ohio 





NUCLEAR 


INSTRUMENTATION 


ENGINEER 


Minimum 2 years’ experience in 


LIVE IN 
SAN FRANCISCO 
BAY AREA 


GOOD SALARY 


instrument application design for 
nuclear work. Additional instru- 
mentation experience desirable. 


Opportunity to work with world- 


plus famed company specializing in 


EXTRA BENEFITS 


nuclear projects. 


Write: Robert J. Bates, Technical Personnel Division 
KAISER ENGINEERS 


Division of Henry J. Kaiser Company 


1924 Broadway, Oakland 12, California 








ENGINEERS 
If you have been looking for an Employment 
Aqcney es that is skilled in the STATE OF THE 

echnical Recruitment and RELIA- 
BILITY oF be pte nncnener nea concerning posi- 
tions, wh unicate with us at once! 
ALL PO ITIONS "FEE PAID. 

FIDELITY PERSONNEL SERVICE 

1218 Chestnut St. Phila. 7, Pa. 
Specialists in Aviation, Electronics and Nucleontcs 











| PROFESSIONAL 
SERVICES 














John MacPhee 


Nuclear Engineer 


ORSORT Graduate P. O. Box 80 
Licensed PE Rowayton, Conn. 
VOlunteer 6-2139 











Mario Messa 
Physics and Engineering 


Consultation on instrumentation, high voltage, 
x-ray, metals, vacuum systems, and magnetic 
amplifiers. 22 years experience. 317 Grove 
St., Montclair, N.J. Pilgrim 6-5996, 
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EMPLOYMENT OPPORTUNITIES 





furthering 


creative technolo gy a £ To men concerned with pushing back the frontiers of 
reactor technology, the many facilities for fundamental and 


applied research at KAPL hold a special interest. Among 
The KNOLLS hoe critical assemblies for experimental purposes is 
the PPA, pictured below. This Preliminary Pile Assembly 
ATOMIC POWER aan be shut down and restarted in 15 minutes in order to 
rearrange fuel elements to simulate different reactor 
LABORATORY _ designs. Only last year two new buildings were completed 
to house two additional experimental reactors, a 704 
computer, and to provide modern office facilities for an 
enlarged mathematical staff. 


46", ' . \ 
ennti toes’ 
Sea eeeeo 
es), A oe 
» 06 2be, 


O58 562) 


a 
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Preliminary Pile Assembly bas been started and shut down more than 10,000 times in the past 10 years. 


If you want the stimulation of working toward the solution of 
increasingly complex nuclear power plant problems in a laboratory 
atmosphere, The Knolls Atomic Power Laboratory welcomes 

your inquiries. Current openings are listed below. Degree required; 
advanced degree and/or related experience preferred. 


NEW SCIENTIFIC AND ENGINEERING 
EXPERIMENTAL PHYSICS, CRITICAL ASSEMBLIES 
POSITIONS ARE NOW OPEN IN ADVANCED = rHeorericat pnysics, NUCLEAR ANALYSIS 
NUCLEAR DEVELOPMENT AND DESIGN POWER PLANT SYSTEMS AND EQUIPMENT DESIGN 


CORE MATERIALS DEVELOPMENT AND APPLICATION 


OF NAVAL PROPULSION SYSTEMS APPLIED MECHANICS, REACTOR CORE DESIGN 


U.S. CITIZENSHIP REQUIRED. 
If you can qualify, send letter giving details 
in confidence to: Mr. A. J. Scipione, Dept. 44-MO 


Knolls Alomic Power Laboralory 


OPERATEO FOR A.E.C. BY 


GENERAL @@ ELECTRIC 
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PRINTING COUNTERS 


FOR POSITIVE, ERROR-PROOF COUNT RECORDING 


A STURDY, ABSOLUTELY 
ACCURATE AND LONG-SERVICE 
INSTRUMENT... COUNTING 
AND PRINTING ELECTRICALLY 
ON TAPE OR CARD, W 
AUTOMATIC RESET TO ZER 


Model F272 


@ A completely machined instrument with 
parts subject to wear of case hardened 
steel, hard chrome plated. 

@ Exclusive parallel printing and visual 
registers yield count accumulation 
instantly and continuously. 

@ Printing and resetting to zero 
simultaneously, or separately. 

@ Counting rate 5 per sec. Reset and. 
print 1 sec. For 110 VAC or 12 and 
24 VDC operation. 

@ The finest instrument of its class — 





yet half the price of any other 
printing counter! 


! 
MADE co OF THE MOST COMPLETE LINE OF COUNTING DEVICES IN THE WORLD! 


12128 W. PICO BLVD. 


Write for our new catalog today a ge : Si ad 
@ LOS ANGELES 64, CALIF. 














HAWS DRENCH SHOWERS |} 


RID THE BODY OF 
CAUSTICS and CHEMICALS 
Instantly! Thoroughly! 


ACCIDENTS with caustic chemicals 
strike with shocking swiftness—and 
Haws Drench Showers are instant- 
ly ready to deliver relief just as fast! 
A solid downpour washes away de- 
structive materials—saving seconds 
until medical aid arrives, possibly 
averting serious injury and exces- 
sive compensation claims. Haws 
Drench Showers can help you! Write 


for details and illustrated literature. 


MODEL 8935— Drench shower augmented by 
Haws eye-wash fountain. A complete safety 
station — always ready! 





DRINKING FAUCET CO. 





(Since 1909) 


1443 FOURTH STREET - BERKELEY 10, CALIFORNIA 
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| pheres. A closely supervised gas puri 


NEW ANTON PROCESSES AND 
TECHNIQUES IMPROVE NEUTRON DETECTOR 
RELIABILITY, RUGGEDNESS AND 
HIGH TEMPERATURE CHARACTERISTICS 


Basic development work for the military and AEC plus years of continuous pro- 
duction of BF, Proportional Counters and Compensated lonization Chambers 
result in the widest variety of commercially available detectors from Anton. 


¢ Rugged, unitized electrode structure enables 
the chamber to operate in any position, with- 
stand shock and vibration conditions present 
during propulsion reactor operation. 
All-ceramic insulation to permit high temper- 
ature operation impossible to achieve with 
conventional plastic insulators. 
Magnesium-Aluminum alloy electrodes con- 
tained in an all-welded aluminum envelope. 
Electrically compensated...guard ring design. 
Flake-proof B” coated electrodes. 
Longer life and greater electrical stability 
assured by advanced mechanical design that 
permits evacuation and processing at high 
temperatures. 


Operational Data 


| 1, Operating thermal neutron flux range: 


2.5 x 10° to 2.5 x 10” neutrons/cm*/sec. 


| 2. Thermal neutron sensitivity: 


4x 10-" amps/unit neutron flux 
3. Gamma sensitivity: 
3 x 10-" amps/R/hour 
4. HN connectors in circular array for easy connec- 


A wide range of improved neutron proportional 
counters is available with a variety of all-weided 
cathode materials (stainiess steel, aluminum). in 
addition to standard catalog items, sizes can be 
supplied ranging from 4” dia. x 1” long to 2” dia. 


x 30” long. Minimum wall thickness for Al is 0.010”; 


stainless steel minimum is 0.002”, Connectors can 
be supplied per your specification. 


| High temperature operation of Anton neutron detec- 


tors is made possible by the use of thermaily 
matched seal components . . . high temperature 
ceramic insulators . . . unique processing and sea- 
soning . . . restriction to high temperature organic 
moderators where needed. 


Multi-element, high sensitivity counters encased in 
super Dylan moderators can be supplied from produc- 
tion to provide thermai and intermediate neutron 
sensitivity up to 45 counts/neutron/cm?. 


Fills and pressures are available up to 2 atmos- 

i ication system 
allows versatile application of spectroscopically pure 
normal (18% B*), depleted hed B*’) or enriched 
(96% B**) Boron Trifluoride fills. Special zone tem- 
perature controlled muffie furnaces provide the most 
uniform method of Boron coating available to date. 


Uniform, stable characteristics are assured from 


tion to a See HN type cable 
fittings. Mate with phenol 82-38 (MIL-UG 59 
A/U or equal) 


5. Overall dimensions: 
3-1/8 + 1/16” dia. x 23-3/4 + 1/4” long 


6. Sensitive length: 
14-1/16” approximate 


tube to tube. High temperature, high vacuum outgas- 
sing techniques are used for all components. The 
metal to ceramic seals are permanently fused and 
the exhaust tip is concealed. All parts are processed 
by patented methods to make them extremely resis- 
tant to the corrosive effects of BFs. The insulators 
are precision molded, mechanically rugged and chem- 
ically inert. 

Ruggedness and non-microphonism are assured by 
the incorporation of an Anton developed ‘‘no-spring”’ 
anode suspension (Pat. Pend.). This maintains the 
wire taut even when the tube is subjected to the 
severe impact shock and vibration experienced by 
equipment used for propulsion reactor contro| and 
monitoring, geological survey, oil well logging and 
similar applications. 

tt delivery may be expected! Anton Laboratories 

maintains modern tube filling stations and a com- 
lete chemical laboratory for the production of neu- 
ron detectors and specialized fills. These pius An- 
ton’s machine shop and tube processing facilities 
assure early delivery of stock and special neutron 
detectors. 


Send for FREE DATA about compensated chambers 
as well as other neutron counting devices. Investi- 
gate Anton’s new, low-cost neutron counter price 
schedule. Write DEPT. NTN. 


ANTON ELECTRONIC LABORATORIES, IN 


A subsidiary of United States Hoffman Machinery Corporation 








1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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THIS MAN HAS FIVE NAMES 
YET HE REPRESENTS 
A SINGLE SOURCE FOR ALL YOUR 
RADIOISOTOPE NEEDS 


The Atomic Associates man is your representative 
for instrumentation, radiochemicals and accessory 
equipment of the highest quality. He is a qualified sales 
engineer with a broad professional background in the 
radioisotope field. 

The a sales engineer can competently evaluate the 
requirements of your program. He can furnish—from 
a complete selection of radioisotope instrumentation, 
equipment and materials—everything required to meet 
your needs most efficiently. 

We invite your inquiry regarding technical sales 


and assistance. 
atomic 


New York, Boston, Pittsburgh, Philadelphia, Dallas, Washington, D.C., 
Los Angeles, San Francisco, Atlanta 
sales representatives for: 
Baird-Atomic, Inc. 

New England Nuclear Corp. 

Packard Instrument Company, Inc. 
Atomic Accessories, Inc. 
March, 1958 - NUCLEONICS 








ADVANCED 
RADIOACTIVITY 
ANALYSIS 

17-0 =10) 9-4 U0) => 4 


associates, inc. 


FEATURES 


1 MICROSECOND RESOLVING 
TIME 


BUILT-IN AMPLIFIER WITH 
SENSITIVITY OF 1 MV 


SEPARATE SUPER-STABLE 
HV POWER SUPPLY 
5000 V. optional) 


ELECTRONIC TIMER 


6-DECADE COUNTING CAPACITY, 
ALL ELECTRONIC 


PREMIUM COMPONENTS 
FOR RELIABILITY 
= 4 . 
Baird -Atomic Unieriily Sere: + 


PROVIDING COMPLETE SYSTEMS FOR SCINTILLATION, 
PROPORTIONAL and GEIGER COUNTING 
THE ULTIMATE IN SENSITIVITY, RELIABILITY AND SPEED FOR 
RADIOACTIVITY ANALYSES 


The B-A University Series Advanced Laboratory is completely new in design and capabilities and is the most 
complete and most versatile radioactivity analysis laboratory available in the field of research today. It is capable 
of performing all types of gas and scintillation counting of alpha, beta, gamma and x-rays with ease and precision, 
The University Series Advanced Laboratory is completely versatile in that three different detectors can be 
used with the same fundamental system. With these three detectors, the laboratory has the capacity to handle 
the most highly specialized radioactivity analysis problems encountered in industrial or research applications. 
All component instruments have been precisely matched and tested to attain complete compatibility and relia- 
bility. Each of the Systems of the Advanced Laboratory contain these University Series instruments: Model 134 
One Microsecond Glow Tube Scaler, Model 630 Glow Tube Timer and Model 212 General Purpose Proportional 
and Scintillation Amplifier. The choice of high voltage supply and detector depends upon the analytical method 
employed. Each instrument is unsurpassed in stability and scope. 
The University Series Advanced Laboratory is available as follows, for: 
SCINTILLATION COUNTING — University Series Scaler, Timer and Amplifier with Model 312 “Super 
Stable” High Voltage Supply and Model 810 Improved Scintillation Detector. 
PROPORTIONAL COUNTING — University Series Scaler, Timer and Amplifier with Model 319 SKV 
(or Model 318) High Voltage Power Supply and Model 821B Microthin End Window Flow 
Counter, in Model 800D Shield 
GEIGER COUNTING — University Series Scaler, Timer, and Amplifier with Model 318 High Voltage Power 
Supply, and the Model 821B Flow Counter or any sealed geiger tube, in Model 800D Shield 
Add the following accessories to provide complete facilities for all researchers: B-A Model 410 Counter Rate 
Meter and Geiger Tube, the 1225 Beta Sources, 1230 Gamma Sources, LC2 Carrying Case, and the Model 414 
Single Scale Logarithmic Gun type survey meter. 








See our Atomic Instruments at the Atomic Exposition & 
Nuclear Congress — March 17-21, Chicago, Illinois 


at : 7 —_ | 
Baird-Atomic, Inc. te =~ Beird 
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Dynamic light patterns symbolize graphite’s high temperature properties. 


ATIONAL NUCLEAR GRAPHITE 


TRADE MARK 


Reactor components of ‘‘National’’ Nuclear 
Graphite withstand tremendous heat — gaining in 
strength as temperature rises. 

For example, compression strength at 1600°C. 
is 15%-24% higher than at room temperature. And 
strength increases steadily to the 2500°C. level. 
Tensile strength at 450°C. is approximately 3000 
psi. At 1350°C. it measures 4000 psi. At 2500°C. 
it’s 5000 psi. Here is a 50%-100% increase in ten- 
sile strength from room temperature to 2500°C. 


The terms “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


Nuclear scientists also like the safety, easy 
machinability and low cost that make “National” 
Nuclear Graphite an excellent structural material. 
Moreover, the addition of boron in small percent- 
ages makes graphite ideal thermal neutron shield- 
ing material. 

Whatever your needs... extreme purity, unique 
shapes or sizes, high or low density, large quanti- 
ties, ready availability . . . see National Carbon, 
the nation’s most experienced graphite producer. 


Ee) ited. 
bes \>iziie) a 


NATIONAL CARBON COMPANY : Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atianta, Chicago, Dallas, Kansas City, Los Angeles, New York, P! -sburgh, San Francisco. [nm Canada; Union Carbide Canada Limited, Toronto. 





